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Preface 


The past two decades have seen an almost exponential increase in the number of 
approved, accepted, and investigational uses of botulinum neurotoxins (BoNTs) in 
clinical practice. At the same time, the number of FDA-approved BoNTs has expanded 
from a single serotype A toxin to three serotype A toxins and one serotype B toxin. 
Clinicians who prescribe and inject BoNTs must be familial' with an ever-expanding 
list of clinical applications and with the unique properties of each of the available 
BoNT products, including a thorough understanding of the approved and unapproved 
indications and differences in the preparation/dosing for each of the commercially 
available BoNT products. Clinicians must also be aware of the potential risks and 
benefits of BoNT therapy, be skilled in various guidance techniques (e.g., imaging, 
electromyography), and be aware of strategies that are used when performing BoNT 
therapy. The purpose of this handbook is to provide a concise overview of the currently 
approved BoNTs and their use for specific clinical conditions, including the approved 
and published dosage ranges for the BoNT products (where available). Anatomic illus- 
trations are provided to enhance localization of muscles and other target structures. 
We hope this information will be useful for clinicians and will ultimately enhance 
patient care. 


Katharine E. Alter, MD 
Nicole A. Wilson, PhD, MD 
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Section One 


Botulinum Neurotoxin: Basic 
Science and Reconstitution 
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Pharmacology of Botulinum 

Neurotoxins 

Katharine E. Alter, MD 
Fatta B. Nahab, MD 
Barbara I. Karp, MD 


Botulinum neurotoxins (BoNTs) are biological products produced by various strains of 
Clostridium botulinum, which are gram-positive, obligate anaerobic bacteria. BoNTs 
are widely recognized as the most potent toxin known to man. It is somewhat surpris- 
ing that BoNTs are also used in clinical practice for an ever-expanding list of approved 
and off-label indications. Despite their deadly nature, BoNTs have an excellent safety 
profile when used in minute quantities by experienced clinicians. This chapter pro- 
vides a review of the pharmacology of BoNTs, an understanding of which is essential 
for clinicians who use these agents to treat patients (1,2). 

Normal Neurotransmitter Release 

At presynaptic nerve terminals (NTs), neurotransmitters (NrTrs) (e.g., acetylcholine) 
are stored in synaptic vesicles (SVs). The arrival of an action potential at NTs leads 
to the mobilization of SVs through exocytosis, resulting in the release of a quanta of 
NrTrs contained within the SV (3). The release of NrTrs through exocytosis is a mul- 
tistep process that includes binding and fusion of the SV with the neuronal membrane, 
followed by the release of NrTrs into the synaptic cleft (Figure 1.1). This process 
of binding and exocytosis requires the interaction of a suite of intracellular polypep- 
tides, the soluble V-ethylmaleimide-sensitive receptor (SNARE) proteins. Different 
SNARE proteins are located in the cytosol, on the SV, and on the presynaptic mem- 
brane of NTs. Membrane-associated SNARE proteins include SNAP25 and syntaxin. 
Vesicle-associated SNARE proteins include synaptobrevin (also known as vesicle- 
associated membrane protein [VAMP]) and synaptotagmin. Following exocytosis, the 
NrTrs diffuse across the synaptic cleft and bind to the specific postsynaptic receptors. 
Postsynaptic activation of target structures results in the activation of target structures. 
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FIGURE 1.1 Botulinum toxin pathway. Reprinted with permission from BioCarta. 
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including muscle contraction at neuromuscular junctions (NMJs), glandular secretion 
(e.g., eccrine and salivary), and other sites (4). 

BoNTs Synthesis and Structure 

BoNTs are synthesized as inactive, single 150-kDa polypeptide chains that are 
released, along with nontoxic proteins, from the cytosol from Clostridium bacterium 
following bacterial autolysis (1). Different strains of Clostridium produce different 
BoNT serotypes A to G, which vary in amino acid sequence. There are also amino acid 
variations within serotypes, creating subtypes within a given serotype (e.g., serotypes 
A1 and A2) (5). 

The active BoNT molecule is composed of a 50-kDa light chain (LC) and a 
100-kDa heavy chain (HC) linked by a disulfide bond. BoNTs are activated, or 
“nicked,” by proteolytic cleavage to create the active disulfide chain molecule. The 
HC is responsible for receptor-mediated binding and membrane translocation. The 
LC, the catalytic domain, is responsible for blocking the action of BoNT at the synapse 
(6). BoNTs have a complex three-dimensional (3D) conformation that is required for 
site-specific binding and other actions of BoNTs (Figures 1.2A and B). 
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FIGURE 1.2 (A) Botulinum neurotoxin molecule. Reproduced with permission from 
Annual Review of Biochemistry, Volume 79, 2010. (B) Botulinum neurotoxin molecule 
functioned domains. Reprinted with permission from Raj Kumar and Bed Ram Singh, 
Botulinum Research Center, Institute of Advanced Sciences. 
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BoNTs, in their natural state, are associated with various nonhemagglutinating 
and hemagglutinating proteins, called complexing proteins (CPs). CPs increase the 
overall size of the neurotoxin complex to 300 to 900 kDa. Although little is known 
about the biological function of CPs, they are believed to protect or stabilize BoNT 
following ingestion and to prevent degradation following exposure to gastric proteases 
in the mammalian stomach (5, 7). 
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BoNT Binding/Blocking 

At cholinergic NTs, SNARE proteins are the intracellular targets of BoNTs. These 
intracellular nanomachines are involved in the intracellular transport and release of ace- 
tylcholine and other NrTrs (2, 7-11). The action of BoNT at presynaptic cholinergic 
NTs has been studied extensively and is understood in some detail. BoNTs, like other 
bacterial exotoxins, block their intracellular targets in a complex, multistep process. 
Step one of this process is uptake of the toxin into the presynaptic NT via site-specific 
binding of the HC-binding domain to a receptor on the presynaptic membrane. Following 
binding, the toxin is internalized by the process of receptor-mediated endocytosis. The 
LC is then cleaved from the HC by a process that has yet to be identified. To reach the 
SNARE targets in the cytosol of the neuron, the LC must then exit the endosome. 

There are at least two proposed mechanisms for how the LC exits or translocates 
the endosome and both implicate the HC in this process. The translocation domain of the 
HC may act as a chaperone for the LC, facilitating its movement through the lipid bilayer. 
The other prevailing theory is that the HC creates a membrane pore through which the 
LC exits the endosome (12, 13). In this pore theory, conformational changes in the shape 
of the globular BoNT LC are required to allow it to exit the endosome. Under the influ- 
ence of the acidic pH of the endosome, the LC unfolds and exits the endosome though 
the pore. Once in the cytosol, the LC must again refold into its original 3D conformation 
to allow it to bind to its SNARE target (13). This process of unfolding and refolding is 
influenced by a pH differential between the endosome (acidic) and the cytosol (neutral). 
Some researchers debate whether these conformational changes are required (12). Recent 
studies have revealed additional details about the HC and LC structure, including special- 
ized regions of the HC. These specialized regions include a binding domain, transloca- 
tion domain, and a belt region. The belt region surrounds the catalytic domain of the LC, 
which is buried deep in a cleft within the BoNT molecule. The belt region may serve to 
protect the LC catalytic moiety, although its exact function has yet to be elucidated (1). 

After entering the cytosol of presynaptic neurons, the LCs of the various BoNT 
serotypes exert their action by blocking their respective SNARE proteins (Table 1.1). 
Once the LC binds to its SNARE protein target, the SNARE protein can no longer 


TABLE 1.1 BoNT Serotypes and SNARE Protein Targets 


Serotype 

SNARE Protein Target 

A 

SNAP25 

B 

Synaptobrevin 

Cl 

Syntaxin 

D 

Synaptobrevin 

E 

SNAP25 

F 

Synaptobrevin 

G 

Synaptobrevin 
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function to release vesicular NrTrs. The action of that SNARE protein is permanently 
blocked. Although this blocking process is permanent and the poisoned nerve terminus 
degenerates, the toxin does not kill the neuron (1). The chemodenervation effects of 
BoNT are temporary because, eventually, the internalized BoNT is metabolized and 
the SNARE proteins and effected NTs regenerate. Once this process is complete, the 
function at the NT is restored, neural transmission resumes, and the function of the end 
organ is restored. This process of NT regeneration typically takes several months (2, 5). 


BoNT Potency and Dosing 

BoNTs, being biological agents and not drugs, are measured in units of bioactivity, 
not by weight, mass, or volume. BoNT is measured and dosed in mouse units (MU 
or U), where 1 MU or U equals the median lethal dose (LD 50) for an intraperitoneal 
injection in a particular size, sex, and breed of mouse. For example, the MU of 
onabotulinumtoxinA is based on lethality in a 30-g female Swiss Webster mouse, 
following intraperitoneal injection of the neurotoxin. The potency, and therefore 
the recommended dose in units, for each serotype and each commercially available 
BoNT product is unique. Further differences among the products accrue from vari- 
ances in the strain of Clostridium used to manufacture the toxin, as well as proprietary 
manufacturing practices. Therefore, these products are not interchangeable. This topic 
will be covered in detail in Chapter 2. 


Clinical Implications of BoNT Pharmacology 

As noted earlier, BoNTs inhibit the release of NrTrs by blocking the action of one or 
more SNARE proteins required for NrTr vesicle exocytosis. Although the action of 
BoNTs at cholinergic NMJs was identified decades ago, their action is not limited to the 
NMJ. BoNTs also affect neuroglandular junctions, pain signaling, and other sites (2). 
BoNTs produce a sustained blockade of NrTr release, which at cholinergic NTs leads 
to chemodenervation. In clinical use, physicians exploit the effects of the chemoden- 
ervation produced by BoNTs through injection into specific muscles, glands, or other 
sites to selectively decrease the output of overactive neurons. The resultant decrease in 
neuronal activity thereby reduces overactivity in the target end-organ, such as muscle 
contraction, gland secretion, pain signaling, or others. By careful manipulation of the 
injected dose of BoNT, physicians can effectively titrate the extent of BoNT blockade 
on a specific target. 

The uptake of BoNT is reportedly higher at active NTs. Hence, NTs that are 
pathologically overactive (i.e., those most active in the condition being treated) may have 
the highest uptake of BoNT and thereby be preferentially affected by the toxin. This bias 
toward a BoNT effect in overactive structures is potentially beneficial for patients and 
useful for clinicians in maximizing efficacy and minimizing side effects ( 14). 

Following injection of BoNT for hypersecretion, pain, or muscle overcontraction, 
the clinical effects are typically first apparent within a few days and peak between 4 
and 6 weeks after injection. The duration of effect may be influenced by the dose, 
target end-organ, severity of the condition being treated, and individual patient factors. 
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but generally lasts 10 to 12 weeks. Although the duration of effect in aesthetic uses is 
generally 10 to 12 weeks, the response of overactive bladder to BoNT may last as long 
as 5 to 6 months (15, 16). Currently, most expert clinicians recommend re-injection 
when the patient’s symptoms return, but no more frequently than every 12 weeks 
(15, 17). The limitation on the frequency of injections arises from concerns about the 
potential for antigenicity and antibody formation. 


Antigenicity, Antibody Formation, and Nonresponsiveness 
to BoNT 

Some individuals or conditions do not respond well to BoNT (i.e., they have limited 
benefit or effect following BoNT injection). If there is no response to the first injection 
of BoNT, the patient is deemed a primary nonresponder. Primary nonresponse may be 
due to a variety of factors, either alone or in combination, including failure to properly 
target or inject the intended muscle/structure, selecting the wrong target or muscles, 
insufficient dosing, or injection of limbs with fixed contracture or other deformities 
that are not amenable to treatment with BoNT (17, 18). 

Following injection, BoNTs, being foreign proteins, may induce neutralizing 
antibody formation rendering the toxin ineffective, which is called secondary non- 
response. Secondary nonresponse occurs rarely with current BoNT formulations. 
The presence of antibodies to BoNT can reduce or eliminate responsivity to BoNT 
injection. Although antibodies may form against either the toxin polypeptide itself or 
the accompanying CPs, it is likely that only some of these antibodies are neutralizing 
antibodies that contribute to reduced efficacy. Nonneutralizing antibodies may be pre- 
sent, but probably do not reduce the activity or clinical efficacy of BoNT (19). 

Although BoNT s can induce an antibody response, they are only weakly antigenic 
in comparison to other biological toxins. When BoNT was first developed for clinical 
use, it was common for patients to receive an initial injection followed by “booster 
injections” every 2 to 4 weeks until response was achieved. Such booster injections, 
however, may foster the development of antibodies. To minimize the likelihood of 
antibody production and subsequent loss of clinical response, the practice of “booster 
injections” is now generally not advised. This recommendation is strengthened by 
early analyses showing that antibody formation was more likely in patients receiv- 
ing high doses of BoNT or in those receiving injections more frequently than every 
12 weeks (20). The initial reports on antigenicity were based on observations with an 
early preparation of onaboulinumtoxinA (1979 Botox®) that reported an antibody rate 
of 4% to 10% in patients being treated for cervical dystonia. The higher protein load of 
that preparation, compared to that of the currently available toxin (1997 Botox®), may 
have made it more antigenic . The current incidence of neutralizing antibodies is lower (2). 
A meta-analysis in 2000 revealed an overall antibody incidence of 0.49% in 2,240 
patients with mixed diagnoses and indications for injection. Only 3 of 1 1 patients with 
antibodies were clinically unresponsive (21). 

To reduce the risk of immunoresistance, the current expert consensus opinion is 
to use the smallest effective dose of BoNT, wait as long as possible between injection 
cycles, and avoid booster dosing (11). 



8 ■ SECTION ONE: BoNT: BASIC SCIENCE AND RECONSTITUTION 

Safety 

BoNTs have been used in clinical practice since the 1970s with an excellent safety 
profile when administered by physicians familiar with the risks and benefits of BoNTs 
(2, 11, 15, 17). When injected therapeutically in humans, the lethal dose of the vari- 
ous BoNT preparations is not known, and the doses required to cause systemic side 
effects are difficult to predict. Rare serious generalized adverse events, particularly 
neuromuscular weakness with respiratory compromise, have been reported following 
BoNT injections, most commonly with high doses and in compromised pediat- 
ric patients. However, similar life-threatening reactions can potentially occur in 
noncompromised patients at therapeutic doses. The serious nature of the potential 
risk prompted the Food and Drug Administration to add boxed warnings to all BoNT 
products in 2009 (Figure 1.3). 


FIGURE 1.3 Food and Drug Administration-approved boxed warning for BoNT 
products (Botox® example). 


WARNING: DISTANT SPREAD OF TOXIN EFFECT 
Postmarketing reports indicate that the effects of BOTOX® and all botulinum toxin products may 
spread from the area of injection to produce symptoms consistent with botulinum toxin effects. 
These may include asthenia, generalized muscle weakness, diplopia, ptosis, dysphagia, dysphonia, 
dysarthria, urinary incontinence, and breathing difficulties. These symptoms have been reported hours 
to weeks after injection. Swallowing and breathing difficulties can be life threatening, and there have 
been reports of death. The risk of symptoms is probably greatest in children treated for spasticity, 
but symptoms can also occur in adults treated for spasticity and other conditions, particularly in 
those patients who have an underlying condition that would predispose them to these symptoms. In 
unapproved uses, including spasticity in children, and in approved indications, cases of spread of effect 
have been reported at doses comparable to those used to treat cervical dystonia and at lower doses. 


Source: From Ref. (34). Botox PI [package insert/prescribing information], Irvine, CA: Allergan. Available 
at http://www.allergan.com/assets/pdf/botox_cosmetic_pi.pdf 


Fortunately, serious reactions to therapeutic BoNT injections are rare. The most 
common adverse events following BoNT injection are local and attributable to an 
“excessive effect” of the toxin or to pain and bruising from the injection itself. The 
“excessive effects” include problematic weakness in the target muscle, unintended 
weakness in adjacent muscles, and other toxin effects in nearby or distant toxin-sen- 
sitive glands or muscles. For example, in the treatment of cervical dystonia, the most 
commonly reported adverse events are dysphagia and dry mouth (15). The risk of 
these side effects in patients with cervical dystonia may be minimized by meticulous 
attention to injection targeting as far as possible from the oropharynx and avoiding 
excessive doses of BoNT (22). 


Central Effects of BoNTs 

In addition to local effects in target or distant peripheral structures, there is mounting 
evidence that BoNTs are transported from peripheral sites into the central nervous 
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system, including spinal motor neurons and the brain. Most of the data on retrograde 
transport and central effects arise from animal studies on pain reduction (5). Central 
or retrograde transport of BoNT to pain centers in the brainstem, particularly the 
trigeminal system, may be partly responsible for the antinociceptive effects of BoNT 
observed in animal studies and clinical practice. 


Summary 

The use of BoNTs in clinical practice requires that physicians understand BoNTs 
mechanism of action to realize the potential benefits and to minimize the risks of these 
potent biological agents. 

BoNTs are complex biologic molecules, and although much is now known about 
their structure and function, future research is likely to reveal additional information 
relevant to their clinical use. The versatility of BoNTs is likely to lead to the expansion 
of their use for as yet unidentified clinical problems and indications. 
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Comparison of Botulinum 
Neurotoxin Products 

Katharine E. Alter, MD 
Fatta B. Nahab, MD 



There are currently four botulinum neurotoxin (BoNT) products approved by 
the Food and Drug Administration (FDA) for clinical use in the United States: three 
serotype A BoNT products and one serotype B BoNT product. Worldwide, other 
BoNT products are also approved for clinical use (23-27). Each product has unique 
characteristics and carries specific labeling, approvals, and dosage recommenda- 
tions (6, 28, 29). To reduce the risk of dosing errors, a unique generic name has 
been assigned to each commercially available BoNT product approved for clinical 
use (Table 2.1). These unique generic names also emphasize that BoNT products 
are not interchangeable. The four BoNT products currently approved for use in 
the United States are onabotulinumtoxinA (OBTA; Botox®), abobotulinumtoxinA 
(ABTA; Dysport®), incobotulinumtoxinA (IBTA; Xeomin®), and rimabotulinum- 
toxinB (RBTB; Myobloc®). 


TABLE 2.1A Commercial Botulinum Neurotoxin (BoNT) Products Available in the United States 


Serotype 

Generic Name 

Brand 

Name 

Manufacturer 

First U.S. 

Approval 

Indications 
(United States) 

Indications 
(Outside the 
United States) 

Composition 

A 

OnabotulinumtoxinA 

Botox 

Allergan 

1989 

1,2, 3, 4, 5,6, 7, 8, 9 

2,3,4,5,6,8,9,10,12 

Dimerized 
with two 300- 
kDa accessory 
proteins 

A 

AbobotulinumtoxinA 

Dysport 

Ipsen 

2009 

3,4 

2,3,5,8,9,10,11 

Dimerized 
with two 300- 
kDa accessory 
proteins 

A 

IncobotulinumtoxinA 

Xeomin 

Merz 

2011 

2, 3, 4, 9 

2, 3,8, 9 

Serotype A BoNT 
only, without 
complexing 
proteins 

B 

RimabotulinumtoxinB 

Myobloc (in 

the United 

States) 

Neurobloc 

(Outside 

the United 

States) 

US WorldMed 

Eisai Limited 

2000 

3 

3 

Dimerized 
with two 1 50- 
kDa accessory 
proteins 


Note: Clinical indications for serotype A BoNT and serotype B BoNT products: 


1. strabismus, 2. blepharospasm, 3. cervical dystonia, 4. moderately severe glabellar lines, 5. hyperhidrosis, 6. chronic migraine, 7. overactive bladder, 8. upper limb 
spasticity, 9. blepharospasm in patients previously treated with onabotulinumtoxinA (OBTA; Botox®), 10. hemifacial spasm, 11. calf muscles/equinus in patients with 
cerebral palsy >2 years of age, 12. pediatric lower limb spasticity, gastrocnemius. 
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TABLE 2.1B Characteristics of Commercial Botulinum Neurotoxin 

(BoNT) Products 


Product 

Complex Size 

Protein Load 
(ng BoNT/unit) 

Vial Size 
(units) 

OnabotulinumtoxinA 

900 kDa 

2.4 — 5 ng/100 units 

100 

(Botox) 



200 

AbobotulinumtoxinA 

300 kDa L complex 

3.24-4.35 ng/500 units 

300 

(Dysport) 

600 kDa M complex 


500 

IncobotulinumtoxinA 

150 kDa 

0.6-0.73 ng/100 units 

50 

(Xeomin) 



100 

RimabotulinumtoxinB 

700 kDa 

25 ng/2,500 units 

2,500 

(Myobloc) 



5,000 




10,000 


Sources: Refs. 50, 174. 


TABLE 2.2 Properties of Botulinum Neurotoxin (BoNT) Products 
Available in the United States (from Manufacturer’s Package 
Insert/Prescribing Information) 


BoNT Products 

Product Details 

AbobotulinumtoxinA 

Product: Purified by series precipitation, dialysis, and 
chromatography steps. Neurotoxin-complex contains BoNT-A, 
hemagglutinin proteins, nontoxic, nonhemagglutinin 
proteins. Complex size 300-900 kDa. Protein load 4.54 ng 

Supplied: ABTA (Dysport) is supplied in single-use, sterile 

3-mL glass vials. Vial sizes: 300 units and 500 units containing 
lyophilized ABTA, 125 meg human albumin, 2.5 mg lactose 

Reconstitution: Sterile, preservative-free 0.9% NaCI. 

Storage/handling: Store unopened vials at (2°C-8°C or 
36°F-46°F). Protect from light. Administer within 4 hr of 
reconstitution; store reconstituted toxin in the refrigerator for 
up to 4 hr. Do not refreeze after reconstitution 

U.S. FDA-approved indications: Cervical dystonia, glabellar lines 

Indications outside the United States: Flemifacial spasm, 
upper limb spasticity (adults), dynamic equinus/calf muscles in 
ambulatory patients with cerebral palsy >2 y of age 

IncobotulinumtoxinA 

Product: Vials contain only IBTA (Xeomin), which has been 
separated from accessory proteins, yielding a pure form of 
lyophilized BoNT-A in a sterile, white to off-white powder. 
Complex size 150 kDa, protein load 0.6 ng 

Supplied: 50-U or 100-U vials containing 1 mg human albumin 
and 4.7 mg sucrose 

Reconstitution: Preservative-free, sterile 0.9% saline for injection 

Storage/handling: Store unopened vials at room temperature 
20°C-25°C (68°F-77°F), in a refrigerator at 2°C-8°C (36°F-46°F), 
or freeze at -20°C-10°C (-4°F-14°F) for up to 36 months. 
Administer reconstituted toxin within 24 hr 


( continued ) 
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TABLE 2.2 Properties of Botulinum Neurotoxin (BoNT) Products 
Available in the United States (from Manufacturer’s Package 
Insert/Prescribing Information) ( continued ) 


BoNT Products 

Product Details 

1 ncobotu 1 i n umtoxi nA 

U.S. FDA-approved indications: Cervical dystonia, blepharospasm 
in patients previously treated with OBTA/Botox, glabellar lines 

Indications outside the United States: Poststroke upper limb 
spasticity (adults) 

OnabotulinumtoxinA 

Product: OBTA (Botox) is a sterile lyophilized BoNT-A, purified 
by acid precipitation. Crystalline complex containing toxin and 
other proteins (human albumin). Complex size 900 kDa. Protein 
load 5 ng 

Supplied: Single-use glass vials, 100- or 200-unit vials 

Contents: 100-unit vial: 100 U OBTA neurotoxin complex, 0.5 mg 
human albumin, 0.9 mg NaCI, vacuum-dried powder without 
preservative; 200-unit vial: 200 U OBTA neurotoxin complex, 

1 mg human albumin, 1.8 mg NaCI, vacuum-dried powder 
without preservative 

Reconstitution: Sterile, preservative-free 0.9% NaCI for injection 

Storage/handing: Unopened vials: refrigerate at (2°C- 
8°C), 100-U vials up to 36 months, 200-U vials up to 24 
months. Once reconstituted, administer within 24 hr. Store 
reconstituted Botox in a refrigerator for up to 24 hr 

U.S. FDA-approved indications: Blepharospasm, strabismus, 
cervical dystonia, primary axillary hyperhidrosis, chronic 
migraine, upper limb spasticity (adults), overactive bladder, 
detrusor overactivity, glabellar lines, lateral canthal lines 

Indications outside the United States: Pediatric spasticity 
(gastrocnemius), focal poststroke spasticity (adults) 

RimabotulinumtoxinB 

Product: RBTB (Myobloc) is a sterile liquid formulation of 
a purified neurotoxin produced by fermentation of the 
bacterium Clostridium botulinum type B (Bean strain) and 
exists in noncovalent association with hemagglutinin and 
nonhemagglutinin proteins as a neurotoxin complex. The 
neurotoxin complex is recovered from the fermentation 
process and purified through a series of precipitation and 
chromatography steps. Myobloc is provided as a clear and 
colorless to light-yellow sterile injectable solution pH 5.6 

Supplied: In single-use 3.5-mL glass vials. 5,000 U BoNT-B 
per 1 mL with 0.05% human serum albumin, 0.01 M sodium 
succinate, 0.1 M NaCI. Available as 2,500-U (0.5 mL), 5,000-U 
(1 mL), and 10,000-U (2 mL) vials. 

Storage/handling: Refrigerate at 2°C-8°C (36-46°F). Do 
not freeze or shake. May be diluted with normal saline. 

Once opened, the product must be used within 4 hr as the 
formulation does not contain a preservative 

U.S. FDA-approved indications: Cervical dystonia 

Indications outside the United States: Cervical dystonia 


Sources: Refs. 34, 36, 38, 44. 
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BoNT Approvals 

The following is a brief review of the individual neurotoxins and their current U.S. 
indications. Information regarding non-U. S. indications is also provided in Table 2.1. 
Readers should be aware that although approvals/indications listed in this text are 
up to date as of the time of publication, approvals for additional BoNT products and 
indications for currently approved BoNT products are anticipated. Prior to prescribing/ 
administering any BoNT product, clinicians must be familiar with the approved indi- 
cations, pharmacology, handling, and dosing for that product (28, 30, 31). 

OnabotulinumtoxinA ( Botox ) 

OBTA was the first BoNT product licensed worldwide and carries the longest list of 
approvals in the United States and abroad (32). The OBTA-toxin complex is a crystal- 
line complex containing neurotoxin, human albumin, and NaCl as a vacuum-dried pow- 
der without preservative. The complex size is 900 kDa (active BoNT-A molecule size: 
150 kDa) (34). The BoNT protein load is approximately 5 ng per 100 units. It should be 
noted that the current formulation of OBTA (designated BCB 2024) has a lower total 
protein load than the earlier formulation that was discontinued in 1997 (batch 79-11), 
with a subsequently reduced incidence of neutralizing antibody formation (21, 33). 
OBTA is approved in the United States for treatment of strabismus, blepharospasm, 
cervical dystonia, glabellar lines, lateral canthal lines, hyperhidrosis, migraine, overac- 
tive bladder, and upper limb spasticity in adults. In the United Kingdom, OBTA is also 
approved for hemifacial spasm, additional upper limb muscles in adults with spasticity, 
and the gastrocnemius muscle in children with cerebral palsy (34, 35). 

AbobotulinumtoxinA (Dysport) 

AbobotulinumtoxinA was first approved in 1991 in the United Kingdom. It is currently 
approved in 75 countries, including the United States (where it has been approved 
since 2009), Ireland, the United Kingdom, and New Zealand. AbobotulinumtoxinA is 
a serotype A BoNT. The molecular mass of the neurotoxin complex is 300 to 900 kDa. 
The complex includes accessory proteins, human albumin, and the 150-kDa active 
BoNT-A neurotoxin. ABTA is distributed in 300- and 500-unit vials. In the United 
States, ABTA is currently approved for adult patients (>18 years of age) for the 
treatment of cervical dystonia and moderately severe glabellar lines. In other countries 
(e.g., the United Kingdom), ABTA is also approved for blepharospasm/hemifacial 
spasm, upper limb spasticity in adults (clenched fist/wrist flexion), and equinus foot 
deformity in children with cerebral palsy (>2 years of age) (36, 37). 

IncobotulinurntoxinA (Xeomin ) 

IBTA was introduced in 2005 and approved in the United States in 20 1 2. IBTA is currently 
approved in 20 countries, including the United States, Canada, the United Kingdom, 
Austria, Denmark, Finland, France, Germany, Italy, Luxembourg, Norway, Poland, 
Portugal, Spain, Sweden, Argentina, and Mexico. It is derived from a wild-type strain 
of Clostridium botulinum neurotoxin serotype A (ATC 3502). During the manufacturing 
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process, complexing proteins (CPs) associated with the BoNT are removed, leaving 
only the 150-kDa BoNT that is free of CP. The removal of these CPs may lead to a 
decreased antigenicity of the toxin complex and reduced antibody formation. IBTA is 
a lyophilized powder and is available in 50- and 100-unit vials. IBTA is approved in 
the United States for blepharospasm in patients previously treated with OBTA, cervi- 
cal dystonia, and glabellar lines (31, 38-41). Worldwide, IBTA is approved for a vari- 
ety of other conditions, including upper limb spasticity (in adults) in Europe, Canada, 
Mexico, and Argentina (40). Xeornin is the only BoNT that is stable for 3 years at 
room temperature (42). 

RimabotulinumtoxinB ( My obloc/N eurobloc ) 

Each vial of rimabotulinumtoxinB (RBTB; Myobloc in the United States, Neurobloc 
outside of the United States) contains BoNT-B complexed in noncovalent association 
with hemagglutinin and nonhemagglutinin accessory proteins. The complex size is 
700 kDa and the active neurotoxin is 150 kDa. The protein load is 25 ng. The prepara- 
tion comes as a prediluted, clear, colorless to light-yellow sterile injectable solution, 
with a pH of 5.5. RBTB is available in 2,500-, 5,000-, and 10,000-unit vials and was 
first approved in the United States in 2000 for the treatment of cervical dystonia. It is 
also approved in other countries for the treatment of cervical dystonia (43-45). 


BoNT Products: Antigenicity, Dilution, and Diffusion 

Antigenicity 

BoNT products are foreign proteins and are therefore immunogenic and may trig- 
ger the production of neutralizing antibodies (NA) that can block the action of the 
neurotoxin, as well as non-NA directed at nontoxic proteins within the BoNT com- 
plex (46). NA to BoNT lead to antibody-induced treatment failure. There is a low 
overall risk of NA-induced treatment failure in patients receiving BoNT injections 
ranging from 1.28% in patients with cervical dystonia to 0.32% in patients with 
poststroke spasticity to 0% in patients treated for overactive bladder (21). Factors 
that may contribute to NA production include the protein load/dose, number of 
injection sites, and treatment interval (25). The risk of NA-associated treatment 
failure is relatively low with all of the currently approved BoNT products. The 
risk of NA production can be minimized further by reducing the BoNT dose to 
the minimum required for treatment effect, increasing the treatment interval, per- 
haps by avoiding booster dosing, and by meticulous handling of BoNT products 
to avoid inactivating the toxin. BoNT products can be inactivated during manu- 
facturing, storage, reconstitution, and handling. Inactivated toxin will produce no 
clinical effect, but it remains antigenic and will contribute to antibody formation. 
Theoretically, the lower the protein load of the toxin, the less antigenic it may be 
(25). Patient-related factors may also influence antibody production, including the 
patient’s ability to mount an immune response. Many clinicians empirically recom- 
mend avoiding immunizations within 2 weeks of BoNT injections to avoid stimu- 
lating the patient’s immune system (18). This practice has not been studied nor has 
it proven to reduce the risk of NA treatment failure. 
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Dilution and Diffusion 

There remains a paucity of information on the effects of dilution on diffusion, clinical 
efficacy, and adverse events following BoNT injections. The general consensus is 
that more dilute solutions diffuse further (47). A variety of factors may influence the 
diffusion characteristics of BoNT following injection, including dose, concentration, 
muscle characteristics (mass), the number of neuromuscular junctions, and individual 
patient characteristics. Some studies indicate that the dose at the site of injection is 
the most important factor (48). Additional research is needed to determine the optimal 
dilution for each clinical indication and BoNT product. 


BoNT Products: Potency and Dose 

The potency of all BoNT products is measured in mouse units (MU), where 1 MU or 
U equals the median lethal dose (LD 50) for an intraperitoneal injection in a particu- 
lar size, sex, and breed of mouse. Because BoNT products are biological agents, not 
drugs, the potency and dosing of each BoNT product are unique. The observed dif- 
ferences in potency, both within and between BoNT serotypes, may be due to many 
factors including different strains of Clostridium botulinum used to produce BoNT 
products and proprietary manufacturing differences (29, 30). 

When calculating the dose of BoNT, clinicians must remain acutely aware of 
product-specific dose recommendations. The manufacturers of each BoNT product 
explicitly state that these products cannot be interchanged and that the units used to 
calculate a dose for a given patient are unique for each BoNT product. In the prescrib- 
ing literature, clinicians are advised that when switching a patient to a new brand 
(even if the patient is not naive to BoNT and has a previously stable dose regimen on 
another product), they should initiate the treatment at the lowest recommended dose 
for a given product (34, 36, 38, 44). 


Converting Units/Dose Among BoNT Products 

Despite the aforementioned recommendations, there is considerable interest in and 
have been numerous articles related to dose equivalency and/or dose conversion ratios 
among the various BoNT products (30). 


Evidence Questioning the Practice of BoNT Dose Conversion Ratios 

In the past 15 years, a number of articles have detailed the dose or dose range, in 
units, for OBTA and ABTA for various clinical indications. From these published dose 
ranges, an apparent dose ratio of 2 to 4 units of ABTA for each 1 unit of OBTA has 
been observed. However, a number of authors have continued to question the prac- 
tice of dose ratios, concluding that the available toxins are not bioequivalent (49-54). 
Many researchers question the use of these dose ratios as they were not obtained from 
controlled trials with head-to-head product comparisons (55). Many experienced 
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clinicians and researchers report inherent differences within BoNT products that limit 
the usefulness of bioequivalent doses and that dose ratios are not reliable. These experts 
recommend dose calculation(s) based on the individual product (49, 51, 52, 54). 

Of note, the majority of the studies mentioned derived a dose ratio based on 
clinical measures (i.e., clinical effects and/or adverse events) after the use of vari- 
ous BoNT products at specific conversion ratios. Clinical measures are less sensitive 
to change than objective measures, such as neurophysiologic or electromyographic 
measures. Ideally, future studies evaluating dose conversion should include objective 
measures (30, 56). 

When considering dose ratios, one possibility is that conversion ratios should be 
condition- and/or population-specific (57, 58). For example, a different dose conver- 
sion ratio should be used for cervical dystonia than for glabellar lines and for adults 
versus children. Another possibility when considering a conversion ratio is that there is 
less room for error in certain conditions. For example, treatment of focal hand dystonia 
or injections for esthetic purposes has less room for error compared with treatment for 
muscle hypertonia from an upper motor neuron syndrome. 

Evidence Supporting the Practice of BoNT Dose Conversion Ratios 

Despite recommendations from manufacturers and questions by researchers, clini- 
cians frequently ask whether the use of dose conversion ratios is safe, and if so, how 
best to convert among the various serotype A neurotoxins or between serotype A and 
serotype B products. There are a number of articles dating from the late 1990s on this 
topic, and the majority describe ratios converting other BoNT products to OBTA (53, 
55, 57-71). The following sections summarize the current evidence. 

Dose Conversion Ratios for Converting ABT A to OBTA 

A number of recent open label, crossover, and double-blind studies describe a conver- 
sion ratio ranging from 1 to 6 units of ABTA for each 1 unit of OBTA. The majority of 
these articles report conversion ratios of 2 to 3 units of ABTA for each 1 unit of OBTA 
(53, 55, 57, 58, 60, 61, 62, 65, 67, 69, 71). 

Dose Conversion Ratios for Converting IBTA to OBTA 

When comparing IBTA to OBTA, the published ranges of dose ratios were 1 to 
1 .7 units IBTA for each 1 unit of OBTA. In the majority of studies, a 1 : 1 dose ratio was 
used when converting or comparing the dose of these two products (59, 63-65, 68). 

Dose Conversion Ratios for Converting RBTB to Serotype A BoNT Products 

Several published studies have compared the serotype B BoNT to various serotype A 
BoNT products. Schlereth et al. reported that serotype A BoNT products (ABTA and 
OBTA) were 20 to 50 times more potent than the serotype B BoNT (70). A 201 1 study 
compared RBTB to ABTA when treating adult patients with sialorrhea and reported 
a dose ratio of 10 units of RBTB for every 1 unit of ABTA (2,500 units of RBTB vs. 
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250 units of ABTA) (66). Although expert clinicians report using a conversion ratio of 
20 to 30 units of RBTB for every 1 unit of OBTA, the evidence to support this practice 
is limited. 


Summary 

The published data on dose conversion remain limited and should be interpreted 
with caution. Additional controlled trials with head-to-head comparisons of indi- 
vidual preparations should be conducted to determine whether conversion ratios 
may be safely used in clinical practice and if so, to establish the optimal dose con- 
version ratio. When these studies are performed, the dose conversion information 
should be published and reported in the full prescribing information/BoNT product 
literature. At the time of publication, regulatory agencies and the manufacturers of 
BoNT products continue to discourage the use of conversion ratios. When treating 
a neurotoxin-naive patient or when switching from one BoNT product to another, 
clinicians are advised to follow the manufacturer’s recommendations on initial dose 
for the specific condition. Given the limited evidence on this topic and the recom- 
mendations from both manufacturers and regulatory agencies, clinicians who use 
conversion ratios should do so with caution. 
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Neurotoxin Storage, Reconstitution, 
Handling, and Dilution 

Katharine E. Alter, MD 
Codrin Lungu, MD 






As noted in previous chapters, the four Food and Drug Administration (FDA)- 
approved botulinum neurotoxin (BoNT) formulations are not identical, nor are they 
interchangeable. The manufacturers of each BoNT product have published specific 
instructions for reconstitution/preparation of the product prior to administration and 
storage after reconstitution. 

Serotype B BoNT 

RimabotulinumtoxinB (RBTB, Myobloc®), the only available serotype B BoNT, is 
also the only product available in the United States that is supplied as a ready-to-use 
solution. Therefore, RBTB does not require reconstitution but can be further diluted, 
as desired, with normal saline (NS, 0.9%) (44). 

Serotype A BoNTs 

The three available serotype A BoNTs, onabotulinumtoxinA (OBTA, Botox®), abo- 
botulinumtoxinA (ABTA, Dysport®), and incobotulinumtoxinA (IBTA, Xeomin®), 
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require reconstitution prior to administration (34, 36, 38). The manufacturers of each 
of the serotype A BoNTs recommend preservative-free normal saline (PFNS) for 
injection (0.9% NS or PFNS) as the diluent. This recommendation is based on theo- 
retical concerns that BoNTs are fragile and could possibly be denatured by preserva- 
tives in NS diluents. 

Published studies have evaluated the effects of reconstitution using other diluents 
(NS plus benzol alcohol, NS plus hyaluronidase, sterile water, 1% and 2% lidocaine, 
bupivacaine, and 1% albumin) on the activity of the BoNTs and have found that the 
toxin remains active with diluents other than PFNS (47). However, none of these 
diluents has been rigorously studied, nor are they recommended by manufacturers of 
any of the available BoNT products. Clinicians should be aware of a single published 
report of a patient death due to anaphylaxis when 1% lidocaine was used as the diluent, 
although it is unclear whether the anaphylactic reaction was due to the lidocaine, the 
BoNT, or the combination of both (72). The authors’ recommendation is that clinicians 
follow manufacturer’s guidelines for reconstitution of BoNTs with PFNS until such 
time as other diluents are approved by the given manufacturer. 

For all BoNT procedures with products requiring reconstitution, the medication 
should be prepared immediately before administration, but only after the patient has 
been examined, has been counseled, and has provided informed consent. Patients 
should not be treated with BoNT if they are ill, febrile, or if there is active infection at 
the site of injection. Therefore, examination of the patient is mandatory before recon- 
stitution to avoid costly wastage. 

There is little information published on dilution of BoNTs, nor is there a consensus 
on the optimal dilution for the individual BoNT products. Therefore, the topic of dilu- 
tion requires additional study (73). Diffusion appears to be affected by dilution and 
dose, but not by molecular weight, complex size, or the presence of complexing pro- 
teins. There are also differences among BoNT products and, in particular, RBTB may 
have a greater diffusion than OBTA (74). It is likely that the optimal dilution of BoNT 
is dependent on the condition being treated, the size of the target, and the desired 
spread of the toxin. A higher dilution theoretically leads to greater diffusion or spread. 
In a study of OBTA for the treatment of blepharospasm, a higher dilution was equally 
effective, but led to more pain and larger local reactions (75). Kim et al. evaluated the 
effect of dilution on outcomes following treatment of spasticity with higher volumes 
resulting in marginally better treatment outcomes (76). Other studies revealed no dif- 
ference in clinical outcome with varying dilution when treating children or adults with 
spasticity (77, 78). When treating small muscles with IBTA, dilution did not appear to 
influence efficacy (79). 


OnabotulinumtoxinA (Botox®) Reconstitution 
and Handling 

OBTA is provided in single-use, sterile vials containing either 100 or 200 units 
of vacuum-dried powder. Reconstitute only with sterile PFNS immediately prior 
to injection. Once reconstituted, the product should be used within 24 hours. 
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Reconstituted product should be kept in the refrigerator at 2°C to 8°C. To reconsti- 
tute OBTA, the desired quantity of PFNS diluent is drawn into the appropriate-size 
syringe using a sterile large-gauge needle and the needle is then inserted into the 
vial (Tables 3.1 A and B). Each vial of OBTA should have a partial vacuum. The 
negative pressure of this vacuum should pull the PFNS into the vial. If the vacuum 
is absent, the vial should be discarded and returned to the manufacturer (34). The 
contents of the vial should then be mixed with the NS diluent by gently rotating the 
vial. Do not shake or agitate the vials. (This may denature or deactivate the BoNT 
product.) Clinicians are advised to avoid turning the vial upside-down as the diluted 
product will stick to the stopper making it difficult to recover the entire contents of 
the vial (34, 80). 

The volume of diluent added to the vial is determined by the condition being 
treated (Tables 3.1A and B). A dilution of 100 units with 1.0-mL PFNS (concen- 
tration 10 units/0.1 mL) is a typical dilution when treating patients with cervical 
dystonia. A dilution of 100 units in 1.0 to 2.0 mL (5 or 10 units/0.1 mL) is common 
when treating patients with spasticity, where higher volumes and larger muscles 
are targeted. In conditions where a small number of units and precise dosing are 
required (e.g., strabismus or blepharospasm), a higher volume of diluent is used, 
typically 100-units BoNT diluted with either 2.0- or 4.0-mL PFNS (concentration 
5 units/0.1 mL or 2.5 units/0.1 mL). For urologic conditions, even larger dilutions 
are recommended (see Chapter 16). This allows precise dosing with a relatively 
small number of units. 

As noted earlier, a partial vacuum will draw the PFNS into the vial. If the 
volume of diluent added to the vial is not sufficient to equalize the negative pres- 
sure vacuum, the air-fluid interface in the vial will create bubbles that will make it 
difficult to draw the toxin up into a syringe. To eliminate the bubbles, this partial 
vacuum must be equalized. To equalize the remaining vacuum, while leaving the 
needle in the vial, detach the syringe from the needle. The remaining vacuum/ 
negative pressure will be equalized as air is drawn into the vial and the bubbles 
will dissipate. The syringe is then reconnected to the needle and the desired dose of 
diluted BoNT may be drawn up into the syringe. Any air bubble in the syringe bar- 
rel should be expelled and the syringe is attached to an appropriately sized sterile 
needle for injection. Patency of the needle should be confirmed by depressing the 
syringe plunger. 

The manufacturer recommends that the toxin be administered within 24 hours of 
reconstitution, during which time it should be stored at 2°C to 8°C. It is worth noting 
that in practice, OBTA efficacy is preserved longer than these conservative guidelines 
suggest (81), and studies have demonstrated efficacy for cosmetic applications after 
storage for up to 2 weeks (82). 

The choice of dilution depends on the therapeutic target. If a large dose is 
injected (e.g., for cervical dystonia or spasticity), the usual approach is to use 1 mL of 
PFNS/100 units of neurotoxin, resulting in a concentration of 10 units/0.1 mL. When 
better control over small doses is required (e.g., facial muscle injections), dilutions of 
2-mL PFNS/ 100-units BoNT or 4-mL PFNS/ 100-units BoNT can be used, resulting in 
concentrations of 5 and 2.5 units/0.1 mL, respectively. 
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TABLE 3.1A OnabotulinumtoxinA/Botox Manufacturer Reconstitution 

Instructions 


PFNS (mL) 

100-Unit Vial: Dose per 

0.1 mL (Units) 

200-Unit Vial: Dose per 

0.1 mL (Units) 

1 

10 

20 

2 

5 

10 

4 

2.5 

5 

6 

1.66 

3.33 

8 

1.25 

2.5 

10 

1 

2 


Note: The dilutions and dose calculations shown in the table are for an injection volume of 0.1 mL. An 
increase or decrease in the Botox dose is also possible by administering a smaller or larger injection 
volume. For example, when 100 units is diluted in 1 mL, 0.05 mL = 5 units or 0.15 mL = 15 units. 
When treating adult patients with Botox for one or more indications, the manufacturer’s maximum 
cumulative dose should not generally exceed 360 units in a 3-month interval. 

Abbreviation: PFNS, preservative-free normal saline (0.9%) for injection. 

Source: Ref. 34. Botox PI [package insert/prescribing information]. Irvine, CA: Allergan. Available at 
http://www.allergan.com/assets/pdf/botox_cosmetic_pi.pdf 


TABLE 3.1B Manufacturer-Recommended Dilutions for Specific Indications 
for OnabotulinumtoxinA (Botox) 


Axillary hyperhidrosis 

The recommended dilution is 100 units in 4-mL PFNS. 
Recommended dose is 50 units/axilla. 

Detrusor overactivity 

Total recommended dose is 200 units. 

One 200-unit vial or two 100-unit vials are diluted with 

6-mL PFNS. Additional dilution is then required as follows: 

For 200-unit vials: Draw 2 mL of diluted OBTA into three 
10-mL syringes. Draw an additional 8-mL PFNS into 
each syringe. The resulting dilution is 67 units/10 mL or 

6.7 units/1 mL. 

For two 100-unit vials: Draw 4 mL from each vial into a 

10-mL syringe. Draw up the remaining 2 mL from each vial 
into a third 10-mL syringe. Then draw 6-mL PFNS into each 
of the three 10-mL syringes. This results in a concentration 
of 67 units/10 mL or 6.7 units/1 mL. 

Overactive bladder 

Recommended dilution: 100 units in 10-mL PFNS 

Total dose: 100 units 

Cervical dystonia 

Recommended dilution: 

100-unit vial with either 1-or 2-mL PFNS 

200-unit vial with either 2- or 4-mL PFNS 

Mean dosage: 236 units/treatment session (75th percentile: 
198-300 units) 

Chronic migraine 

Recommended dilution: 100 units in 2-mL PFNS or 200 units 
in 4-mL PFNS for a concentration of 5 units/0.1 mL 
Recommended dosage: 155 units/treatment session 


( continued ) 
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TABLE 3.1B Manufacturer-Recommended Dilutions for Specific Indications 
for OnabotulinumtoxinA (Botox) ( continued ) 


Ophthalmologic 

indications 

Blepharospasm and strabismus: Depending on desired 
dose, recommended dilution is either 100 units in 8-mL 

PFNS or 100 units in 4-mL PFNS. 

Spasticity, upper limb 
(adults) 

Recommended dilution: 100 units with 2-mL PFNS or 

200 units with 4-mL PFNS. 

Maximum recommended dosage: 360 units/treatment 
session 


Abbreviations: OBTA, OnabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%). 


Source: Ref. 34. Botox PI [package insert/prescribing information]. Irvine, CA: Allergan. Available at 
http://www.allergan.com/assets/pdf/botox_cosmetic_pi.pdf 


AbobotulinumtoxinA (Dysport®) Reconstitution and Handling 

ABTA is available in the United States in 300- and 500-unit vials, containing 
lyophilized powder for reconstitution (36). Each vacuum-dried vial is reconstituted 
with sterile PFNS (see Table 3.2). Using a sterile, large-bore needle, the PFNS diluent 
is drawn into an appropriately sized syringe and the needle is inserted into the vial. 
A partial vacuum should draw the diluent into the vials. Any vial that does not have 
a negative pressure vacuum should be discarded and returned to the manufacturer. 
Mix the PFNS diluent and the dried powder by gently rotating the vial. Do not shake, 
agitate, or turn the vial upside down, as cautioned earlier. 

ABTA should be used within 4 hours of reconstitution. The toxin should be 
stored at 2°C to 8°C, away from direct light during this 4-hour period. A consensus 
panel in 2010 suggested that the preparation remains active/potent for up to 3 weeks 
(83). Until there are more data to support the practice of deviating from the manu- 
facturer’s guidelines, it is recommended that clinicians adhere to the 4-hour window- 
of-use following reconstitution of ABTA. In addition, there is a theoretical risk of 
infection given that ABTA is reconstituted in PFNS. 

Manufacturer guidelines on reconstitution are provided in Table 3.2. The volume 
of diluent is determined by the clinical indication/target structures. Higher dilutions 
not only allow more precise dose calculations but also may lead to greater diffusion or 
spread of the toxin (73, 84). When treating glabellar lines, a 300-unit vial is typically 
diluted with 2.5-mL PFNS, resulting in a concentration of ABTA of 60 units/0.5 mL 
or 10 units/0.08 mL — this dilution allows precise administration of the small dose of 
ABTA required to treat these muscles. When treating larger muscles in patients with 
cervical dystonia, a 300-unit vial is reconstituted with 0.6-mL PFNS or a 500-unit vial 
is diluted with 1.5-mL PFNS, resulting in a concentration of 50 units/0.1 mL. 

Higher dilutions may be considered for large muscles, and a common approach 
in clinical practice is to reconstitute a 500-unit vial with 2.5 mL of PFNS (85). When 
used for off-label indications, such as spasticity, higher volume dilutions are reported 
to be more effective and/or to have a greater area of spread (86). High-volume dilution 
of ABTA, as with other preparations, appears to lead to greater spread, but this also 
increases the potential risk of spread both locally (to adjacent nontargeted structures) 
and to distant sites (73, 86). 
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TABLE 3.2 AbobotulinumtoxinA (Dysport) Manufacturer Reconstitution 

Instructions 


Volume PFNS 
(mL) 

300-Unit Vial 

500-Unit Vial 

0.6 

250 units/ 

1 mL 1 

25 units/ 

0.1 mL 1 

N/A 

N/A 

1.0 

300 units/ 

1 mL 

30 units/ 

0.1 mL 

500 units/ 

1 mL 1 

50 units/ 

0.1 mL 1 

1.5 

200 units/ 

1 mL 2 

10 units/ 

0.05 mL 2 



2.5 

120 units/ 

1 mL 2 

10 units/ 

0.08 mL 2 

200 units/ 

1 mL 3 * 

20 units/ 

0.1 mL 3 * 


Manufacturer’s recommended dilutions for: 'cervical dystonia, 2 gabellar lines, and 'spasticity. 
"Treatment of spasticity with abobotulinumtoxinA is off-label. Manufacturer’s recommended dilution 
for cervical dystonia: 300 units diluted in 0.6 mL or 500 units in 1-mL PFNS. 

Manufacturer’s recommended dilution for glabellar lines: 300 units in 3.5-mL PFNS. 

Abbreviation: PFNS, preservative-free normal saline (0.9%). 

Source: Ref. 36. Dysport PI [package insert/prescribing information]. Basking Ridge, NJ: Ipsen 
Biopharmaceuticals, Inc. Available at http://pi.medicis.us/printer_friendly/dysport.pdf 

IncobotulinumtoxinA (Xeomin®) Reconstitution and 
Handling 

IBTA is supplied as a lyophilized powder in 50- and 100-unit vials (38). The 
manufacturer recommends reconstitution with sterile PFNS for injection. Using 
a sterile large-bore needle and the appropriately sized syringe, the PFNS diluent 
is drawn up and the needle inserted into the vial. The manufacturer recommends 
cleaning the exposed portion of the vial’s rubber stopper with alcohol (70%) prior 
to needle insertion. The partial vacuum in the vial should pull the diluent into the 
vial. If the diluent is not drawn into the vial by the negative pressure vacuum, the 
vial should be discarded and returned to the manufacturer. The diluent and dried 
powder should then be mixed by gently rotating the vial. Avoid shaking, agitating, 
or turning the vial upside down. Unreconstituted vials of IBTA can be stored at 
room temperature. Once reconstituted, IBTA should be stored at 2°C to 8°C and 
used within 24 hours of reconstitution (38). 

The volume of dilution is determined by the clinical indication for treatment 
and the size of the target muscle/structures. The manufacturer recommendations for 
dilution are presented in Table 3.3. At least for the treatment of glabellar lines, there 
are no specific data to suggest that higher volume/lower concentration of IBTA affects 
treatment outcome/efficacy (79). 
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TABLE 3.3 IncobotulinumtoxinA (Xeomin) Manufacturer Reconstitution 

Instructions 


Volume PFNS (mL) 

50-Unit Vial: Resulting 
Dose/0.1 mL (Units) 

100-Unit Vial: Resulting 
Dose/0.1 mL (Units) 

0.25 

20 

— 

0.5 

10 

20 

1.0 

5 

10 

1.25 

4 

8 

2.0 

2.5 

5 

2.5 

2 

4 

4.0 

1.25 

2.5 

5.0 

1 

2 

8.0 

— 

1.25 


Reconstituted incobotulinumtoxinA solution should be administered within 24 hours after dilution. 
During this period, reconstituted IBTA should be stored in a refrigerator at 2°C to 8°C (36°F-46°F). 
Reconstituted IBTA is intended for intramuscular injection only. After reconstitution, IBTA should be 
used for only one injection session and for only one patient. 

Abbreviation: PFNS, preservative-free normal saline (0.9%). 

Source: Ref. 38. Xeomin PI [package insert/prescribing information]. Greensboro, NC: Merz 
Pharmaceuticals. Available at http://www.xeomin.com/files/Xeomin_PI.pdf 

RimabotulinumtoxinB (Myobloc® in the United States, 
NeuroBloc® Outside the United States) Reconstitution and 
Handling 

As noted earlier, RBTB is provided in a ready-to-use solution (44) (Table 3.4). 
Each single-use vial contains RBTB in a concentration of 5,000 units/1 mL with 
0.05% human serum albumin, 0.01 M sodium succinate, and 0.1 M sodium chlo- 
ride. RBTB is available in vials of 2,500 units (0.5 mL), 5,000 units (1 mL), and 
10,000 units (2 mL). RBTB should be stored at 2°C to 8°C, protected from light. 
Although the product is ready to use without further reconstitution, it can be further 
diluted with PENS. This author’s practice is provided in Table 3.5. If diluted, RBTB 
should be used within 4 hours of dilution. Because RBTB is sold in solution, the con- 
centration cannot be increased beyond 5,000 units/1 mL (87, 88). 

Complaints of a burning sensation or pain are common following injection of 
RBTB. On injection, RBTB is reported to cause more pain than serotype A BoNTs. 
The pH of RBTB is approximately 5.6 and this acidic pH is likely responsible for the 
reports of pain on injection (89). 


Injection Supplies 

As with all patient contacts and invasive procedures, physicians should wash/clean 
their hands before and after patient contact or a procedure. The skin over the injection 
site should be inspected and cleansed with ethyl alcohol or other skin cleanser, per 
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TABLE 3.4 RimabotulinumtoxinB (Myobloc/NeuroBloc)* 


RimabotulinumtoxinB 

2,500-Unit Vial: 
Dose (Units) per 
0.1 mL 

5,000-Unit Vial: 
Dose (Units) per 

0.1 mL 

10,000-Unit Vial: 
Dose (Units) per 

0.1 mL 

Undiluted 

500 

500 

500 


*RimabotulinumtoxinB (Myobloc) is supplied as a sterile solution of 5,000 units/ 1 mL. 
RimabotulinumtoxinB does not require reconstitution or dilution. If dilution is desired, the product can 
be diluted with 0.9% normal saline for injection (see Table 3.6). 

Source: Ref. 44. Myobloc [package insert/prescribing information]. Louisville, KY: Solstice 
Neurosciences (US WorldMeds). Available at http://www.myobloc.com/hp_about/PI_5-19-10.pdf 


the protocol of the physician and/or institution. If required by the institution, a “time 
out’’ should be performed prior to the procedure — this is good practice even if not for- 
mally required. This ensures the correct patient, product, dose, location, and position 
of the patient. Particular attention should be paid to these factors when repositioning a 
patient from prone to supine or vice versa as left-right confusion for a target can occur. 

If desired, the dose for each target/structure can be drawn into separate syringes. 
Having a separate syringe for each muscle or target can speed the procedure at the 
bedside, as the clinician is not required to look at the markings on the syringe dur- 
ing BoNT administration. This is particularly helpful for pediatric or less cooperative 
patients. The recommended dose of each product is covered in subsequent chapters of 
this text covering specific indications. When initiating treatment, the lowest recom- 
mended dose should be used (34, 80). 


Needle Selection 

The choice of needle size is dependent on the structures being targeted. For facial mus- 
cles, most clinicians use 30-gauge, 0.5-inch needles (80). For the off-label treatment 
of sialorrhea, a 30-gauge, 0.5- or 1-inch needle is typically used (18). When injecting 
muscles such as in the arm, forearm, superficial thigh, or calf, needles with lengths of 
1 to 1.5 inches are often sufficient. When treating muscles of the hip girdle or when 
treating obese patients where the muscles may be quite deep, a needle length of 2.5 
to 5 inches may be required (17, 18, 90). Insulated needles for injection (for electro- 
myography [EMG] or electrical stimulation [e-stim]) are available in 20 to 70 mm, 
and spinal needles are available in 25-gauge at lengths of 2.5 to 5 inches. Generally 
speaking, most clinicians (and patients) agree that smaller needles confer less pain 
with injection. Therefore, using the thinnest needle possible that is of adequate length 
should be considered, with a preferred size of 25 to 30 gauge (18, 80). Monopolar 
EMG-injection electrode needles are available in sizes 24 to 30 gauge. When using 
ultrasound guidance for BoNT injections, standard hypodermic needles can be used. 
These needles are often thinner, penetrate the skin more easily, and, therefore, cause 
less pain than the insulated needles that are required when using EMG or e-stim to 
guide injections (18). When performing urologic procedures or off-label gastrointesti- 
nal procedures, additional equipment is also required. 







TABLE 3.5 RimabotulinumtoxinB (Myobloc/NeuroBloc) Dilution Instructions Using Preservative-Free 0.9% Normal Saline 

for Injection 


RimabotulinumtoxinB 

vial 

Dilution: 0.5-mL 
PFNS 

Dilution: 1-mL 

PFNS 

Dilution: 1.5-mL 
PFNS 

Dilution: 2-mL 
PFNS 

Dilution: 4-mL 
PFNS* 

Resulting 
concentration per 

1 or 0.1 mL 

Units 

per 

1.0 mL 

Units 

per 

0.1 mL 

Units 

per 

1.0 mL 

Units 

per 

0.1 mL 

Units 

per 

1.0 mL 

Units 

per 

0.1 mL 

Units 

per 

1.0 mL 

Units 

per 

0.1 mL 

Units 

per 

1.0 mL 

Units 

per 

0.1 mL 

2,500-unit vial 
containing 0.5 mL 

2,500 

250 

1,667 

167 

1,250 

125 

N/A 

N/A 

N/A 

N/A 

5,000-unit vial 
containing 1 .0 mL 

N/A 

N/A 

2,500 

250 

2,000 

200 

1,667 

167 

N/A 

N/A 

10,000-unit vial 
containing 2.0 mL 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

2,500 

250 

1,667 

167 


Note: RimabotulinumtoxinB does not require reconstitution or dilution. If dilution is desired, the product can be diluted with 0.9% NS for injection as follows: 
*Because RBTB is provided in 3.5-mL vials, reconstitution of a 10,000-unit vial of RBTB (2 mL) with 4-mL PFNS requires reconstitution in a 10-mL syringe. If this 
dilution is desired, draw 2-mL RBTB into a 10-mL syringe, then draw 4-mL PFNS, and finally draw 1- to 2-mL air into the syringe. Recap needle and invert syringe 
several times to mix RBTB and PFNS. With the syringe held vertically with the needle in the up position, depress plunger of syringe to remove air from the syringe. 
Abbreviations: NS, normal saline; PFNS, preservative-free normal saline; RBTB, rimabotulinumtoxinB. 

Source: Ref. 44. Myobloc [package insert/prescribing information]. Louisville, KY: Solstice Neurosciences (US WorldMeds). Available at http://www.myobloc.com/ 
hp_about/PI_5- 1 9- 1 0.pdf 
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Properties of Botulinum Neurotoxin Products Available in the United States 
(from Manufacturer’s Package Insert/Prescribing Information) 


BoNT Product 

Product Details 

OnabotulinumtoxinA 

Supplied: Single-use, 100- or 200-unit vials. Contents 
(100-unit vial): 100 units OnabotulinumtoxinA 
neurotoxin complex, 0.5 mg human albumin, 0.9 mg 

NaCI, vacuum-dried powder without preservative. 

Contents (200-unit vial): 200-units OnabotulinumtoxinA 
neurotoxin complex, 1 mg human albumin, 1.8 mg 

NaCI, vacuum-dried powder without preservative. 

Reconstitution: Sterile, preservative-free normal saline 
(PFNS) (0.9%) for injection. 

Storage/handing: Unopened vials: Refrigerate at 2°C- 
8°C. 100-unit vials up to 36 months and 200-unit vials 
up to 24 months. Once reconstituted, administer within 

24 hours. Store reconstituted OBTA in a refrigerator for 
up to 24 hours. 

AbobotulinumtoxinA 

Supplied: Single-use, sterile 3-mL glass vials. Vial sizes: 300 
or 500 units contain lyophilized abobotulinumtoxinA, 

125 meg human albumin, 2.5 mg lactose. 

Reconstitution: Sterile, preservative-free normal saline 
(PFNS, 0.9%) for injection. 

Storage/Handling: Store unopened vials at (2°C-8°C 
or 36°F-46°F). Protect from light. Administer within 4 
hours of reconstitution. Store reconstituted toxin in the 
refrigerator for up to 4 hours. Do not refreeze after 
reconstitution. 

IncobotulinumtoxinA 

Supplied: Single-use, 50- or 100-unit vials containing 
lyophilized BoNT as a sterile white to off-white powder, 

1 mg human albumin, 4.7 mg sucrose. 

Reconstitution: PFNS for Injection. 

Storage/handling: Store unopened vials at room 
temperature (20°C-25°C, 68°F-77°F) or refrigerate at 
2°C-8°C (36°F-46°F) or freeze at (20°C to 10°C ((4°F to 

14°F) for up to 36 months. Administer reconstituted 
toxin within 24 hours. 

RimabotulinumtoxinB 

Supplied: Single-use, 3.5-mL glass, single-use vials. 

Clear, colorless to light yellow, sterile injectable 
preservative-free solution. 5,000-units BoNT/1 mLwith 
0.05% human serum albumin, 0.01 M sodium succinate, 

0.1 M NaCI. Approximate pH: 5.6 

Available in: 2,500 units (0.5 mL), 5,000 units (1 mL), 
and 10,000 units (2 mL) 

Storage/handling: Refrigerate at 2°C-8°C (36°F-46°F). 

Do not freeze or shake. May be diluted with normal 
saline. Once opened, use within 4 hours. 


Abbreviation: BoNT, botulinum neurotoxin. 


Sources: Refs. 34, 36, 38, 44. 
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Guidance Techniques for 
Botulinum Neurotoxin Injections 

Katharine E. Alter, MD 
Michael C. Munin, MD, FAAPMR 



When performing botulinum neurotoxin (BoNT) injections, physicians may choose 
from an array of techniques to localize target structures. These techniques include 
anatomic reference guides (which rely on surface anatomy and palpation), electromy- 
ography (EMG), electrical stimulation (e-stim), high-frequency B-mode ultrasound 
(US), fluoroscopy, computed tomography (CT) guidance, and combinations of these 
(17, 91-93). Each technique has advantages and disadvantages. The following is a 
brief review of the commonly used guidance techniques. 

Anatomic Reference Guides, Surface Anatomy, and 
Palpation Guidance 

Regardless of whether supplemental techniques for procedural guidance are used, every 
physician uses his or her knowledge of surface anatomy and palpation when perform- 
ing BoNT injections. Many, if not most, physicians who perform BoNT injections also 
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perform needle EMG and are therefore familial' with a number of anatomic reference 
guides on this topic (77, 94, 95). Such texts provide guidance on muscle localization 
based on palpation and surface landmarks. They were not intended to be guides for 
BoNT injections, but rather as reference guides for clinicians performing needle EMG. 
However, there are at least 2 anatomic reference guides that were explicitly written to 
provide guidance to physicians performing BoNT injections (96, 97). 

Although some clinicians rely solely on anatomic reference guides, surface anat- 
omy, and/or palpation (ARG/SA/P) to guide BoNT injections, due to the limitations 
of each technique when used alone, many clinicians also use supplementary targeting 
technique(s). For example, the accuracy of ARG/SA/P is limited by a number of patient 
factors and may also be limited by physician-related factors (Tables 4.1 and 4.2). 
All these factors may compromise the accuracy of targeting with palpation/landmarks. In 
addition, there is increasing evidence that calls into question the accuracy of ARG/SA/P 
when performing BoNT injections. A 2011 cadaver study compared the accuracy of 
wire placement in 14 lower limb muscles using anatomical guidance techniques versus 
US-guided wire placement (verified by CT) (98). The overall accuracy was 39% for 
blind needle placement and 96% for placement with US guidance. There was no dif- 
ference in accuracy between the experienced clinician and a resident with 6 months 
of EMG training. Clinical studies in lower limb muscles have also reported limited 
accuracy of ARG/SA/P in targeting the medial and lateral gastrocnemius muscles, and 
in upper limb studies, there were substantial differences between reference guides in 
muscle fascicle location (99— 101). Many studies show greater accuracy and efficacy 
of BoNT injections when using supplemental techniques, compared to use of ARG/ 
SA/P alone (100-105). 


TABLE 4.1 Physician Factors that May Limit the Utility of Conventional 
Guidance Techniques (Anatomic, EMG, e-stim) for BoNT Injections 


Limitations 

Advantages 

Limited training in gross anatomy, 
surface anatomy, palpation techniques 

All physicians receive some training in 
anatomy 

Limited grasp of 3D cross-sectional 
anatomy 

Requires no equipment other than 
anatomical reference guides and the 
physicians skills in palpation 

Limited knowledge of biomechanics and 
kinesiology 

Some muscles may be easily localized 
and palpated 

It may be difficult or impossible to 
palpate deep muscles 

Injections can be performed with 
standard hypodermic needles 

• Less pain than EMG electrode needles 

• Less expensive than EMG electrode 
needles 

It may be difficult to palpate/isolate 
muscles in regions with complex 
overlapping anatomy (forearm, neck, calf) 



( continued ) 
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TABLE 4.1 Physician Factors that May Limit the Utility of Conventional 
Guidance Techniques (Anatomic, EMG, e-stim) for BoNT Injections ( continued ) 


Limitations 

Advantages 

Difficulty palpating/isolating muscles in 
obese patients or in patients with muscle 
atrophy (disuse or postinjection) 


Contractures, deformity, and or pain 
may limit the use of PROM or AROM to 
isolate muscles 


Co-contraction in multiple muscles 
may confound localization when using 
palpation to localize muscles 


Not useful for localizing motor points/ 
motor endplates 


Contractures/tone may limit positioning 
the patient as described in anatomic 
reference guides; this may limit the use 
of these reference manuals to guide 

BoNT injections 



Abbreviations: AROM, active range of motion; BoNT, botulinum neurotoxin; EMG, electromyography; 
e-stim, electrical stimulation; PROM, passive range of motion. 


TABLE 4.2 Patient Factors that May Limit the Utility of Conventional 
Guidance Techniques (Anatomic, EMG, e-stim) for BoNT Injections 


Anatomic variations or rearrangements 

Involuntary movements 

Contractures 

Deformity 

Muscle atrophy 

Obesity 

Impaired selective motor control 

Cooperation 

Pain 

Abbreviations: BoNT, botulinum neurotoxin; EMG, electromyography; e-stim, electrical stimulation. 


EMG Guidance 

EMG is only useful when performing BoNT injections where muscles are the primary 
injection target(s). Equipment options for EMG-guided BoNT procedures include 
small portable audio amplifiers and/or audio-visual units. Alternately, physicians may 
use the needle EMG programs available on an EMG machine used for electrodiagnos- 
tic procedures. EMG-guided injections require single-use, sterile, insulated injecting 
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needle electrodes. These injecting needle electrodes are available from several manu- 
facturers in an assortment of sizes and lengths. The depth of the target muscle(s) deter- 
mines the choice of needle. 

When using EMG guidance for BoNT procedures, the procedure starts with 
inspection and the use of ARG/SA/P. The physician then inserts the injecting electrode 
through the skin, advancing the needle to the target while listening for audible EMG 
activity. If the patient has voluntary motor control, then the physician should instruct 
the patient to either relax or contract the target muscle to help with localization. If 
the patient has paresis or plegia in the injected limb, the examiner should passively 
move the joint associated with muscle attachment to identify insertional activity gen- 
erated during passive movement. When the recording needle electrode is advanced 
into the target muscle, the tone associated with EMG activity will change from a 
low-pitch or “dull” tone to a high-pitch tone, characterized as “crisp.” This indicates 
that the needle is near a depolarizing muscle fiber or motor unit that is firing. If the 
EMG tone remains dull as the patient contracts the target muscle, the needle position 
should be adjusted or repositioned to achieve a crisp tone. Due to impaired reciprocal 
inhibition, muscles with spasticity may contract even when positioned in an antago- 
nist direction. For example, in spastic hemiplegia from stroke, firing of motor units 
within the biceps muscle can be seen at rest when the elbow is placed in full exten- 
sion. In many conditions requiring BoNT injections, involuntary muscle activity can 
either assist or hinder muscle localization. Although patients with cervical dystonia 
(CD) may demonstrate increased motor-unit firing in a muscle due to overactivity 
(i.e., dystonia), increased activity may also be due to compensatory activity in mus- 
cles (i.e., co-contraction) in an attempt to resist dystonic muscle contraction. Careful 
inspection of abnormal postures is required to determine which muscle is the primary 
problem. In patients with impaired motor control from upper motor neuron syndrome, 
since all muscles in the vicinity can generate motor-unit potentials, co-contraction 
and synergy patterns often limit the usefulness of EMG when attempting to isolate a 
specific muscle (92). 

EMG has many advantages in that it provides auditory feedback as to the level 
of activity or overactivity in a muscle. The limitations of EMG guidance for BoNT 
procedures are listed in Tables 4.1 and 4.3. One of the most important limitations 


TABLE 4.3 Limitations and Benefits of EMG Guidance for BoNT Injections 


Limitations 

Advantages 

Anatomic variations or rearrangements 

Provides auditory feedback on muscle 
activity 

Involuntary movements or impaired 
selective motor control 

May provide information on location of 
motor point and motor endplates 

Co-contraction, impaired relaxation 
• EMG signal may falsely attribute 
to target muscle when needle 
is in another muscle which is 
co-contracting 

Most physicians are familiar with EMG 


( continued ) 
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TABLE 4.3 Limitations and Benefits of EMG Guidance for BoNT 
Injections ( continued ) 


Limitations 

Advantages 

Contracture or deformity 

Equipment is accessible to most 
physicians and is relatively inexpensive 

Muscle atrophy 


Difficult to estimate muscle depth in 
obese patients or small patients 


Obesity 


Impaired selective motor control 


Cooperation 


Pain 


Children may require sedation 



Abbreviations: BoNT, botulinum neurotoxin; EMG, electromyography; e-stim, electrical stimulation. 


of EMG guidance is that it may be difficult or impossible to determine whether the 
needle is in the target muscle in patients with synergy patterns and co-contraction. Yet 
in focal dystonia, EMG is often useful for isolation of individual muscle fascicles. In 
patients with CD, EMG can also assist identification of muscles that may contribute 
to complex movement patterns (102, 104). There is limited evidence on the superior- 
ity of EMG compared to other techniques. One study reported superiority of EMG 
compared to anatomic guidance for focal hand dystonia (105). Speelman and Brans 
commented that EMG guidance for CD may reduce the number and severity of side 
effects (627). In a methodological study comparing EMG with e-stim for patients with 
focal hand dystonia, there was no significant difference in outcome measures between 
the two techniques (106). Additional studies comparing the various techniques are 
reviewed in the sections that follow. 


Electrical Stimulation Guidance 

E-stim is only useful for BoNT injections in which a muscle is the target struc- 
ture. Equipment required for e-stim-guided procedures include a small port- 
able stimulator (or combined EMG/stimulator) or the nerve stimulator function 
from an electrodiagnostic machine. An insulated injecting needle electrode is 
required, as described earlier for EMG-guided procedures. When using e-stim, the 
procedure starts with inspection and ARG/SA/P. The physician then inserts the 
needle electrode through the skin advancing the needle to the target. The stimu- 
lator is turned on as the physician nears the target muscle and muscle contrac- 
tion/joint movement is observed. If the needle is in the target muscle, relatively 
low-current stimulation is required to generate a muscle twitch. Upon stimula- 
tion, if contraction occurs in several muscles or muscles other than the target, the 
clinician should advance or adjust the position of the needle to isolate the target 
muscle. 
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The advantage of e-stim over EMG is that it provides direct visual feedback 
(i.e., muscle contraction) when the needle is appropriately located in the target muscle. 
Disadvantages are listed in Tables 4.1 and 4.4. When using e-stim to guide BoNT 
procedures, physicians must avoid excessive stimulation current. Overstimulation 
(excessive current) may lead to volume conduction in the target muscle when the needle 
is located elsewhere. In addition, if a motor branch is stimulated before it imbeds into 
the targeted muscle, injected BoNT may end up outside the target. The use of e-stim for 
children requiring BoNT injections requires general sedation, a distinct disadvantage 
of e-stim as it increases the risk of the procedure. Furthermore, even adults may find 
continuous probing with stimulation very uncomfortable (18, 91, 92, 99, 102). Studies 
have shown that e-stim is more accurate than manual needle placement (99, 107). 


TABLE 4.4 Limitations of e-stim Guidance for BoNT Injections 


Limitations 

Advantages 

Anatomic variations or 
rearrangements 

Produces visible contraction when needle is 
in target muscle (see Limitations column) 

• Useful when co-contraction limits 
isolation of a muscle with anatomic 
guidance/palpation or EMG 

Difficult to isolate deep or 
overlapping muscles 

May be more accurate than EMG 

Many physicians are not familiar with 
this technique 

Equipment is accessible to most physicians 

Volume conduction 
• High-stimulation intensity may 
lead to contraction in target 
muscle when stimulating needle 
electrode is in another muscle or 
outside the targeted muscle 

Equipment is relatively inexpensive 

Unlike EMG, does not provide 
information about muscle activity 
level 

Can be used to isolate motor point and or 
motor endplate 

Contractures or deformity may make 
it difficult to visualize muscle twitch 


Muscle atrophy 


Difficult to estimate muscle depth 
in very large or small patients or 
patients who are obese 


Time consuming to localize muscles, 
motor points 


Pain from stimulation or needle 
electrode 


Cooperation 


Children require sedation, analgesia 



Abbreviations: BoNT, botulinum neurotoxin; EMG, electromyography. 
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B-Mode Ultrasound 

B-mode US is widely used to guide a range of musculoskeletal procedures and is 
increasingly used for BoNT procedures (17, 22, 90, 100-103, 108, 109). Unlike EMG 
or e-stim, US can be used for both muscle and nonmuscle targets, including the sali- 
vary glands (90, 110). High-frequency transducers provide exquisitely detailed images 
with a resolution similar to magnetic resonance imaging (MRT) (111). 

US has many advantages when compared to other guidance techniques, including 
real-time imaging of the intended target, adjacent structures (e.g., nerves, vessels, viscera), 
and other structures to be avoided. US can provide real-time visualization of the needle as 
it is advanced to the target, as well as the injectate, confirming the correct location within 
the muscle and avoiding nearby spread of toxin. Structures are identified by pattern rec- 
ognition, contour lines, and adjacent structures. This is useful when contractures, deform- 
ity, or involuntary movements prevent optimal patient positioning. Muscles or muscle 
fascicles can be identified by passive joint range of motion when a patient cannot isolate 
movement due to limited motor control or co-contraction. Over time, some patients with 
spasticity from upper motor neuron syndrome have fibrotic replacement of muscle tissue. 
US can be used to identify this change based on an increase in echo intensity of the mus- 
cle (i.e., the muscle appears hyperechoic). This information may alter dosing of BoNT. 
In addition, muscles that receive repeated injection of BoNT have smaller cross-sectional 
diameter, and US can assist in keeping the injectate within fascial borders (22). 

Limitations of US include cost, access to equipment, and training specific for 
BoNT procedures. A list of advantages and disadvantages of US for BoNT procedures 
is provided in Table 4.5. US guidance has also been shown to be equivalent to fluoros- 
copy when performing BoNT injections for thoracic outlet syndrome (93) and when 
compared to cystoscopy for some urologic procedures (112). 

When comparing accuracy of needle placement, every study published to date 
has reported superior accuracy with US compared to manual placement, EMG, and 
e-stim. Some studies have also found higher efficacy and fewer adverse events when 
US was used to guide BoNT procedures (22, 100-103). 


TABLE 4.5 Advantages/Disadvantages of US and Other Guidance 



Anatomic/ 

Palpation 

EMG 

Stimulation 

US 

Accuracy 

- 

± 

/ 

yyy 

Provides 

information 

+ 



/ 

on muscle 
activity 



Isolation 





of motor 

- 

± 

s 

- 

endplate 






( continued ) 
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TABLE 4.5 Advantages/Disadvantages of US and Other Guidance ( continued ) 



Anatomic/ 

Palpation 

EMG 

Stimulation 

US 

Clinical 

practicability 

/ 

± 

± 


Availability 

/ 

+ 

± 

± 

Pain 

/ 

± 

± 

/// 

Speed 

/ 

± 

- 

//// 

Cost of 
equipment 

/// 



± 

Procedure 

cost 

/// 



± 

Acceptability 
to patients 

/ 

± 

- 

//// 

Future 

research 

- 

- 

/ 

//// 


Abbreviations: EMG, electromyography; US, ultrasound. 


Combinations of Techniques 

Each guidance technique has a role when performing BoNT injections. Two or 
more of the aforementioned techniques can also be combined, which may provide 
added benefit compared to the use of any of the techniques alone. The authors and 
other experienced clinicians frequently combine US and EMG to guide BoNT pro- 
cedures for patients with CD and limb spasticity. US is used to guide the depth and 
location of the target muscle, whereas EMG provides information about the level 
of muscle activity, which can help dosing and/or may aid selection of other, more 
active, muscles. 

US and e-stim are frequently combined for other chemodenervation procedures, 
such as diagnostic or therapeutic nerve blocks using aqueous phenol. This combined 
approach increases the accuracy of needle placement in near-nerve locations. This 
prevents inadvertent injection of potentially caustic agents (e.g., phenol, 30% alcohol) 
into nontargeted structures, such as muscles, viscera, or blood vessels. In many insti- 
tutions and for many practitioners, US combined with e-stim are always used when 
performing nerve blocks (113-115). US and e-stim are less commonly combined for 
BoNT injections. 

Other Guidance Techniques for BoNT Injections 

Although CT and fluoroscopy have been used for BoNT procedures in several case 
reports, they are used much less frequently than other guidance techniques. This is 
due to the exposure to ionizing radiation, cost, and inconvenience of traveling to a 




CHAPTER 4: GUIDANCE TECHNIQUES FOR BoNT INJECTIONS ■ 37 


radiology suite for the procedure. Unless there is a very deep, hard-to-find target, other 
modalities, such as US, are equally effective (116). 

Cystoscopy is widely used to guide BoNT injections for urologic indications. As 
noted earlier, some clinicians are also using US to guide these procedures. 


Summary 

When performing BoNT procedures, the primary goals are to accurately inject only 
the target, enhance efficacy, and reduce the risk of adverse events, such as puncture 
of nearby nerves or vessels. To achieve these goals, clinicians should be familiar with 
several of the available guidance techniques, as each has inherent advantages and 
disadvantages. When performing BoNT and other chemodenervation procedures, cli- 
nicians should choose the technique, or combinations of techniques, that are compe- 
tent to perform and that provide the most accuracy. The current evidence suggests that 
additional guidance (e.g., EMG, e-stim, US) is superior to the use of ARG/SA/P alone. 
However, head-to-head studies are required to determine which of the techniques are 
best suited to each indication. 
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Phenol Nerve Blocks 
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For many physicians, phenol nerve blocks are in many ways a “lost art,” with this 
form of chemodenervation having been largely or completely replaced by botulinum 
neurotoxin (BoNT) injections. However, phenol nerve or motor point blocks continue 
to have a role in the treatment of patients who have problematic muscle hypertonia 
(1 17-1 18). Physicians who treat patients with hypertonia should be familiar with this 
agent, its mechanism of action, safety profile, and mode of administration. This chap- 
ter provides a review of phenol and its use for chemoneurolysis. 


Why Consider Phenol Neurolysis? 

Although BoNTs are very effective in reducing spasticity and other forms of 
hypertonia, clinicians who manage spasticity are frequently left in the position 
of suboptimally treating the patient’s hypertonia when only BoNTs are used for 
chemoneurolysis. For many patients with severe spasticity, particularly those in 
whom lower limb muscles are affected, the total dose of BoNT required to address 
their hypertonia may exceed either the maximum safe dosage range or the dosage 
range reimbursable by third-party payers (17, 119). The use of phenol nerve blocks 
and intrathecal baclofen pumps may be used in conjunction with BoNT, enabling 
the physician to more effectively use BoNT in a targeted and efficacious manner 
(17, 1 17). Phenol is also significantly less expensive than BoNT, which may be use- 
ful when patients have limited insurance coverage for BoNT. In addition, phenol 
injections have a longer duration of action than BoNT, frequently lasting up to a 
year or more (120). Phenol, as a neurolytic agent, has advantages and disadvantages 
when compared to BoNT injections (Table 5.1) and physicians who treat patients 
with spasticity should be familiar with these factors when considering the optimal 
agent for chemoneurolysis procedures in their patients. 
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TABLE 5.1 Chemodenervation Procedures for Muscle Hypertonia: Phenol 

Versus BoNT Injections 


Advantages of Phenol 

Disadvantages of Phenol 

• Immediate onset of action (vs. delayed 
onset for BoNT) 

• Longer duration of action 

(6-18 months vs. 3-4 months for BoNT) 

• More robust reduction in tone 

• Lower cost 

• Procedures are technically more 
challenging 

• Phenol injections are more painful 

• Risk of paresthesias with phenol 
injections if mixed sensory nerves are 
targeted 

• Limited clinical applications (relatively 
few nerves can be blocked with 
phenol) 

• Some adult and all pediatric patients 
require general anesthesia for phenol 
injections, increasing the risk and cost 
of phenol procedures 

• "All or nothing" effect of phenol 
(i.e., phenol is not titratable) 

• Toxicity of phenol 


Abbreviation: BoNT, botulinum neurotoxin. 


Phenol Mechanism of Action 

Phenol, in concentrations of 5% to 7%, when injected immediately adjacent to a 
nerve, diffuses into the axons causing protein denaturation and resulting in chemi- 
cal neurolysis of the nerve (117, 121, 122). Concentrations of phenol greater than 
5 % result in protein coagulation, demyelination, and orthograde axontomesis, fol- 
lowed by Wallerian degeneration (123). Phenol's onset of action is immediate and the 
duration of action reportedly ranges from 2 months to 2 years (124). In the authors’ 
experience, the duration of reduced spasticity following phenol neurolysis ranges 
from 6 to 12 months. This is clearly longer than the typical 3- to 4-month duration 
of action following injection of BoNT. Following phenol neurolysis, nerve regenera- 
tion occurs at a rate of approximately 1 to 3 mrn/day (123). The suggested maximum 
dose of phenol for adults is 1 g/day and for children is 30 mg/kg with a maximum of 
1 g/day (115, 117). The reported lethal dose of phenol is 8.5 g in adults, with an 
extrapolated fatal dose in children of 0.1 to 0.2 g/kg (117, 120). 


Muscle Hypertonia 

Muscle hypertonia is one of the most commonly observed motor impairments in 
patients with upper motor neuron syndromes (17). Muscle hypertonia may have a 
wide-ranging impact on passive and active function as well as quality of life. When 
considering phenol injections to reduce tone, the most frequently blocked nerves are 
the musculocutaneous nerve for elbow flexor tone, the obturator nerve for hip adductor 
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tone, and motor branches of the tibial nerve for ankle plantar flexion and equinus 
tone. The neurolytic effects of phenol are not selective; both sensory and motor nerves 
are affected by the injection of phenol. Phenol neurolysis of mixed nerves with a 
significant sensory component carries a risk of dysesthesia reported up to 23% when 
concentrations of 2% to 5% phenol are used (124). Therefore, the authors generally 
avoid phenol neurolysis in such nerves. Although both the musculocutaneous and 
obturator nerves have sensory distributions, the sensory component of these nerves is 
minor, and in the authors’ experience, dysethesias are not a significant consideration 
for phenol neurolysis in these nerves. 


Pattern of Involvement 

Increased elbow flexor tone can result in a wide array of impairments, such as difficulty 
with caregiving, the ability to get dressed, perform hygiene in the elbow crease, skin 
breakdown, and, of course, increases the risk of elbow flexion contracture (125, 126). 
Please note that in our clinics, we restrict the use of phenol to the musculocutaneous 
nerve for patients who lack significant functional elbow flexion, because the results are 
longer lasting than BoNT and phenol blockade cannot be titrated with the same degree 
of efficacy as BoNT. Phenol neurolysis is associated with more of an “all or nothing” 
effect than BoNT injection. 

Hip adductor tone can lead to scissoring, which may destabilize gait, limit 
transfers, impair groin hygiene and catheterization in a more dependent patient, 
interfere with positioning in a wheelchair or bed, and may pose a challenge to sexual 
intercourse (18, 125, 126). Phenol neurolysis of the obturator nerve is particularly use- 
ful in nonambulatory patients, as there is minimal risk that decreased adductor tone 
will further limit the patient’s function. Although the hip adductors are often consid- 
ered less critical than the other hip-girdle muscle groups for standing and ambulation, 
caution is urged when considering phenol obturator nerve blocks in functional ambu- 
lators, as patients may use spasticity functionally to stand, transfer, and walk (18). 
For this reason, the authors more often recommend or prescribe BoNT for adductor 
muscle spasticity in patients who are functional ambulators, as BoNT will produce a 
more graded reduction in muscle tone and because the results, if deleterious, will be of 
shorter duration than the phenol blockade. 

Ankle plantar flexion hypertonia may also impair the proper biomechanics of 
gait, make it more difficult to tolerate an ankle-foot orthosis (AFO), increase the 
risk of skin breakdown due to inappropriate pressure against the sole of the shoe or 
AFO, impair proper wheelchair positioning, and, if left untreated, greatly increase 
the risk of developing contracture (17, 125, 126). As with the musculocutaneous 
nerve, we reserve this procedure for patients with upper motor neuron lesions that 
have little-to-no ability to actively plantarflex the ankle. 


Injection Technique and Dosing 

Electrical nerve stimulation (e-stim) is typically used to localize the nerve (117, 127). 
The procedure is as follows: the stimulating/injecting needle is inserted through the 
skin into the target muscle near the expected location of the distal nerve trunk. 
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The authors perform initial localization of the nerve while stimulating at 3 to 5 mA. 
Once muscle contraction is visualized or palpated using this stimulation intensity, 
the needle is advanced or repositioned while the stimulation intensity is reduced, 
continuing to observe for muscle contraction in the distribution of the target nerve. 
A near-nerve location is confirmed when muscle contraction persists with the stimu- 
lator intensity at 0.5 to 1.0 mA. At that point, a 0.5 to 1.0 mL aliquot of 5% to 7% 
phenol in aqueous solution is injected into the nerve. Prior to injecting phenol, the 
physician must always aspirate to reduce the risk of intravascular injection, which 
can result in cardiac arrhythmias, tremors, convulsions, hypotension, and respira- 
tory depression (120). Following this procedure, the needle is then repositioned, 
the process repeated, and additional aliquots of phenol are injected until the desired 
effect is obtained and/or there is no more significant muscle contraction with nerve 
stimulation at 3.0 mA (118, 120, 127). Although many clinicians rely solely on 
e-stim to localize nerves, others use a combination of B-mode ultrasound and e-stim 
for phenol chemoneurolysis procedures (90, 127). 

Some clinicians advocate performing a diagnostic nerve block using a short- 
acting local anesthetic agent, such as lidocaine, prior to performing a neurolysis 
procedure with phenol (17, 18, 115, 127). The purpose of this diagnostic/short dura- 
tion nerve block is to temporarily reduce the patient’s spasticity. This allows the 
physician, patient, therapists, and caregivers to assess the impact of reduced tone (and 
possibly sensation) on the patient’s function. This is basically a “test run” of the phenol 
procedure; if the effects are not as desired, then the block will quickly wear off and 
the phenol injections are canceled. A temporary block will assist in differentiating 
between severe spasticity versus contracture in patients where this may be difficult to 
determine on clinical examination. If there is no effect following a diagnostic nerve 
block (i.e., no reduction in tone or improved range of motion), then phenol injections 
are unlikely to be helpful and other treatment options should be considered. 


Musculocutaneous Nerve 

The musculocutaneous nerve arises from the lateral cord of the brachial plexus and 
innervates the coracobrachialis muscle, the biceps brachii, the brachialis muscle, and 
provides sensory distribution to the lateral forearm via the lateral antebrachial cutane- 
ous nerve (note that the brachialis muscle had dual innervation from the radial nerve 
in >80% of cadavers studied) (128). Once the clinician is adept at performing this pro- 
cedure, a phenol block of the musculocutaneous nerve is a relatively straightforward 
procedure and is not time consuming to perform. 

To localize the musculocutaneous nerve, the authors inject just distal to the 
pectoralis major tendon and perpendicular to the coracobrachialis, while watching 
for elbow flexion and/or supination (129). Although some authors use ultrasound in 
addition to e-stim, the authors generally use only e-stim, as the superficial nature of 
the nerve allows precise localization with e-stim alone (130). During e-stim, care must 
be taken to not inject the median or radial nerves due to the risk of dysesthesia because 
both nerves have large sensory distributions. Care must also be taken to not inject into 
the axillary artery. As noted earlier, the neurolytic effects and resulting reduction in 
muscle tone following phenol injection are immediate. 
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Obturator Nerve 

The obturator nerve arises from the anterior divisions of L2 to L4, and it divides into 
anterior and posterior branches. The anterior branch innervates the adductor longus 
and brevis muscles, the gracilis, and sometimes the pectineus muscle. The posterior 
branch innervates the obturator externus, the adductor magnus, and occasionally the 
brevis muscles. The posterior branch also provides sensory distribution to the medial 
thigh (95). 

The obturator nerve can be either blocked proximally as it exits the obturator 
foramen (thereby affecting both branches prior to the bifurcation of the nerve) or 
more distally by blocking each branch separately. The authors find the distal block 
easier to perform due to increased ease of access to this region of the limb; particularly 
in patients with severe hip adductor tone or contractures. Nerve stimulation is often 
very effective in localizing the obturator nerve or nerve branches, but in obese 
patients or in those with deformities caused by marked adductor tone, ultrasound 
may be useful as well. When using ultrasound, the anterior division of the obturator 
nerve is localized where it lies between the adductor longus and brevis muscles. The 
posterior division lies between the adductor brevis and adductor magnus muscles 
(131). Ultrasound is also effective in localizing the obturator nerve prior to its 
bifurcation into anterior and posterior branches. For the distal technique, which we 
customarily perform, the needle is inserted through the adductor longus, roughly 
4 fingerbreadths distal to the pubic tubercle, to block the anterior branch and then 
advanced farther through the adductor brevis to block the posterior branch of the 
obturator nerve. Alternately, one could insert the needle lateral to the adductor 
longus, approximately 3 to 4 fingerbreadths distal to the adductor longus origin, 
for the anterior branch, and for the posterior branch, insert the needle medial to 
the adductor longus tendon. As with all phenol nerve blocks, we inject when nerve 
stimulation intensity is ideally at 0.5 mA and muscle contraction is visualized or 
palpated. Effects are immediate, and, as with all phenol blocks, it is imperative that 
one aspirate prior to injecting. 


Tibial Motor Nerves 

When performing this procedure, care must be taken to not inject the main trunk of the 
tibial nerve itself, because it has a large sensory component. Rather, the targets of the 
injection are the muscular branches of the tibial nerve to the gastrocnemius (medial 
and lateral) and the soleus (132). If possible, the patient should be placed in a prone 
position to facilitate nerve localization and the sock and shoe should be removed. If 
positioning in prone is impossible, side-lying is an acceptable alternative. When in 
the prone position, the foot should be positioned off the end of the bed, with the toes 
pointed toward the floor. This position of the foot allows the physician to observe 
ankle plantar flexion with e-stim during nerve localization. It is of utmost importance 
that the physician watch for plantar flexion, signaling that the motor branches of the 
tibial nerve to the gastrocnemius and soleus have been isolated. If stimulation causes 
toe flexion and/or ankle inversion, this indicates that the needle is located near the 
main trunk of the tibial nerve and not in proximity to the desired motor branches to the 
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gastrocnemius and soleus. If toe flexion or foot inversion and not plantar flexion are 
observed with stimulation, the needle should be repositioned while still stimulating, to 
isolate the desired motor branches. The skin is then prepped, and the needle is inserted 
two fingerbreadths distal to the posterior knee crease at midline. For the branch of the 
tibial nerve to the medial gastrocnemius, the needle is directed slightly medially and 
e-stim is gradually decreased from the initial setting of 5.0 to 0.5 mA. As with other 
phenol injections, aliquots of 0.5 mL are injected at a time. We customarily wait 30 
to 45 seconds before subsequent injections. For the branch of the tibial nerve to the 
lateral gastrocnemius, the authors recommend reorienting the needle laterally (to avoid 
having to repenetrate the skin). For the motor branch of the tibial nerve to the soleus, 
the authors typically localize this motor branch by advancing the needle deeper and 
more inferolaterally to the motor branch to the lateral gastrocnemius. Again, the physi- 
cian must carefully observe the motion of the foot during the localization procedure 
to ensure that the main tibial nerve is not injected. If the results of this procedure are 
suboptimal and plantar flexion tone (and not just contracture) remains, a second block 
to the distal motor nerve to the soleus can be performed. This distal branch to the 
soleus lies at the junction of the proximal and second quarter of the calf. The needle is 
inserted just lateral to the midline and carefully advanced while stimulating to localize 
this distal motor branch to the soleus. 


Summary 

Phenol nerve blocks are a very effective arrow in the quiver of the physician who 
treats spasticity. Although there are limitations to use of phenol for chemodenervation 
procedures, this agent does have some advantages when compared to BoNT therapy 
(Table 5. 1). In addition, by enabling the physician to treat the elbow flexors, hip adduc- 
tors, and ankle plantar flexors with phenol instead of BoNT, phenol blocks allow the 
physician to concentrate and maximize the use of BoNT in muscles where high doses 
may be needed. 




Section Two 
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Botulinum Neurotoxins for the 
Treatment of Muscle Overactivity 
Associated with Focal Dystonia 
Syndromes and Upper Motor 
Neuron Syndromes 

Katharine E. Alter, MD 


Botulinum neurotoxin (BoNT) therapy is widely recognized as an effective treatment 
for muscle overactivity associated with various neurological and/or musculoskeletal 
disorders. This section covers the use of BoNT for the treatment of muscle overactivity 
associated with focal dystonia and upper motor neuron syndromes (UMNS), including 
dystonia and spasticity. A full discussion of the various causes of dystonic syndromes 
and UMNS is beyond the scope of this text and the reader is referred to several review 
articles and texts related to this topic (17, 176, 191, 194, 208, 616). 


Dystonia 

Dystonia is a movement disorder characterized by an involuntary, sustained, or inter- 
mittent muscle contraction with limb movements and/or repeated postures that are 
often twisting in nature. As there are many causes of dystonia, dystonic movements 
and the clinical presentation of individual patients with dystonia vary considerably 
(176,617). 

Classification of Dystonia 

Traditional classification schemes for dystonia include broad categories based on 
the age of onset (childhood vs. adult), pattern or distribution (focal, segmental, gen- 
eralized), provoking factors (action vs. rest), and cause. Classification of dystonia 
by its cause includes primary and secondary and idiopathic subtypes (176, 177). 
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Primary dystonia includes those with a clear genetic cause such as dopa-responsive 
dystonia (DRD), including DYT5 or Segawa’s syndrome and others (176). A com- 
mon cause of secondary dystonia is that associated with UMNS, for example, 
dystonia secondary to injury or pathology involving the brain and/or spinal cord. 
Depending on the location of the brain injury and the pathways involved, patients 
with UMNS may present with dystonia in addition to spasticity. In patients present- 
ing with secondary dystonia, the most common cause is a focal (i.e., stroke) or 
traumatic brain injury. Other causes of secondary dystonia include drug-induced 
or metabolic issues (617). When an extensive workup fails to elicit either a genetic 
or secondary cause for a patient’s dystonia, the patient is classified as having idi- 
opathic dystonia. Although the causes of idiopathic dystonia are not yet established, 
an as-yet unidentified genetic link or genetic-environmental link is suspected as 
many patients report a positive family history of dystonia (194, 618). 

BoNT for the Treatment of Dystonia 

Although BoNT therapy may be useful for treating any patient with symptomatic 
dystonia, it is particularly useful for patients presenting with one of the many forms 
of focal dystonia. Because many muscles are involved in patients with generalized 
dystonia, these patients are typically managed with systemic medications and/or sur- 
gical treatment. For these patients, BoNT may be useful as a supplemental treatment 
to address a specific issue or problem. BoNT is considered a first-line therapy or the 
treatment of choice for the majority of patients presenting with problematic focal 
dystonia (194). 


Muscle Hypertonia or Overactivity Associated with UMNS 

UMNS are a collection of symptoms caused by injury or other pathology involving 
the central nervous system (CNS). Motor symptoms of the UMNS include positive 
symptoms (hyperreflexia and muscle overactivity [spasticity/dystonia/spastic dysto- 
nia]) and negative symptoms (loss of selective motor control, weakness) (207, 208). 
Although spasticity is well recognized in UMNS, dystonia is also common, particu- 
larly in patients with cerebral palsy (213, 619). BoNT has been found to be effective in 
reducing muscle overactivity associated with UMNS, but has no place in the treatment 
of negative UMNS symptoms (17). Chapters 6 to 8 summarize the use of BoNTs in the 
treatment of primary focal dystonia (blepharospasm, hemifacial spasm, oromandibular 
dystonia, cervical dystonia, focal limb dystonia, and dystonia of the trunk) and muscle 
hypertonia, including spasticity and secondary dystonia associated with UMNS. 
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Benign Essential Blepharospasm 

Katharine E. Alter, MD 
Barbara I. Karp, MD 



Condition 

Of the focal dystonias involving craniofacial muscles, including those of facial 
expression, mastication, jaw opening/closing, and the tongue, benign essential 
blepharospasm (blepharospasm, in this text) is the most common. Blepharospasm is 
an involuntary spasmodic or dystonic contraction of the eyelids and brow muscles, 
which causes increased blinking and forced eye closure. Although its mechanism 
is not well understood, many patients with blepharospasm have photosensitivity 
and often report a sensation of eye irritation or dry eyes, which may precede the 
onset of involuntary muscle activity (53, 133). Blepharospasm is more common in 
women and the typical age of onset is in the fifth to sixth decade. The estimated 
prevalence of blepharospasm is from 16 to 133 cases per million people. In the 
United States, 2,000 new cases are diagnosed annually with an estimated 20,000 to 
50,000 individuals affected ( 134). 

Clinical/F unctional Impact 

Involuntary eye closure often limits a patient’s function and may be so severe to cause 
functional blindness. Blepharospasm is often aggravated by bright light. Many clini- 
cians recommend the use of tinted lenses or sunglasses (even indoors). Lenses with an 
FL-41 tint may be especially effective (135). 
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Muscle Pattern/Muscles Involved 

The pattern of abnormal movement includes eye closure and brow muscle contraction. 
All segments of the orbicularis oculi may be involved including orbital and palpebral 
(pretarsal and preseptal) portions. Corrugators and procerus muscles mediate forehead/ 
brow movement. Blepharospasm is almost always bilateral. 

Evaluation 

The diagnosis of blepharospasm is based entirely on clinical presentation and patient 
symptomatology. The differential diagnosis includes apraxia of eyelid opening, char- 
acterized by difficulty initiating eye opening. Both conditions may be treated with 
BoNT (136). Disease-specific rating scales include the Jankovic Rating Scale and the 
Blepharospasm Disability Index (BSDI) (137). 

Treatment 

BoNT injections have been used to treat blepharospasm for over two decades and are 
considered the standard of care, with many patients achieving excellent clinical benefit 
(53, 133). 

FDA- Approved BoNTs for Blepharospasm 

OnabotulinumtoxinA (OBTA) was approved in 1989 for the treatment of blepha- 
rospasm (34). IncobotulinumtoxinA (IBTA) is also approved for the treatment of 
blepharospasm in the United States (38). Outside the United States, all three mar- 
keted BoNT-A serotype toxins (OBTA, IBTA, and abobotulinumtoxinA [ABTA]) are 
approved for the treatment of blepharospasm. 

Level of Evidence 

Although there are relatively few large, double-blind studies evaluating BoNT for 
blepharospasm, most clinicians consider BoNT to be the most effective treatment for 
this type of focal dystonia. Data from previously reported trials, as well as long and 
widespread experience, have led to acceptance of BoNT as an effective treatment for 
blepharospasm. Given the current recommendations, it is unlikely that additional Level 
I studies will be conducted. A recent evidence-based review led to a Level A (estab- 
lished as effective for a given condition in a given population requiring at least two 
Class 1 studies) recommendation for BoNT serotype A for the treatment of blepharos- 
pasm. The current level of evidence for BoNT-B for blepharospasm is U (Unproven, 
data inadequate or conflicting) (2, 138). 

Treatment Goals 

The goal of BoNT treatment is to reduce involuntary movements and associated func- 
tional limitations associated with blepharospasm and to improve the patient’s vision, 
functioning, and quality of life. 
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Injection Patterns 

Physicians use a variety of injection patterns when treating blepharospasm. 
The standard injection pattern for the orbicularis oculi includes four sites. Two injec- 
tions are placed in the lower lid: one in the midline and the other laterally by the outer 
canthus. Injection of the nasal lower lid, near the inner canthus, can reduce the risk 
of xerophthalmia from inadvertent injection of the lacrimal gland. Two injections are 
placed in the upper lid. The placement in the upper lid differs from that in the lower 
lid in that one injection is nasal and the other is placed laterally near the lid margin. 
Clinicians are advised to avoid midline injections in the upper lid to reduce the risk of 
ptosis from inadvertent injection of the levator palpebrae. Injections may be given in 
the palpebral portion of the muscle; some inject the orbital portion outside the orbital 
rim. Injections of brow muscles, procerus or corrugator, are given bilaterally (139) 
(see Figure 2 following Chapter 8). 

Dilution 

When used for blepharospasm, the toxin may be prepared at a higher dilution than 
used for other dystonias or when treating large muscles. The higher dilution enables 
clinicians to achieve the precise dosing required when treating patients with blepharos- 
pasm. OnabotulinumtoxinA and incobotulinumtoxinA are typically diluted to achieve 
a concentration of 1.25 units/0.1 mL or 2.5 units/0.1 mL. 

To achieve a concentration of 1.25 units/0.1 mL, a 100-unit vial of OBTA or IBTA 
is diluted in 8 mL of preservative-free normal saline (PFNS); a 50-unit vial of IBTA is 
diluted in 4 mL of PFNS. To achieve a concentration of 2.5 units/0. 1 mL, a 100-unit vial 
of OBTA or IBTA is diluted in 4 mL PFNS or a 50-unit vial of IBTA is diluted in 2 mL 
of PFNS. ABTA or rimabotulinumtoxinB may also be prepared at a high dilution for use 
in patients with blepharospasm. 

Dosage 

A common initial recommended dose for OBTA or IBTA for blepharospasm is 
1.25 units or 2.5 units (0.05-0.1 mL volume) to each site within the selected muscles. 
Published clinical trials have found little increased benefit from injection of >5 units per 
site. The dose can be titrated up, depending on the patient’s response, by increasing the 
concentration, volume, or number of injection sites. The maximum recommended dose 
of OBTA for blepharospasm is a total of 200 units per treatment cycle (see Table 6.1 : 
Benign Essential Blepharospasm BoNT Reconstitution and Dosage Table following 
this chapter for details). 

Injection Technique 

Reconstituted OBTA or IBTA is injected using a sterile 27- to 30-gauge needle. For 
patient comfort and to avoid bruising in the delicate orbicularis oris muscle, a 30-gauge, 
0.5-inch needle is often preferred. Since the orbicularis oculi is subcutaneous and the 
forehead muscles are superficial, injection can be guided by visual inspection alone. 
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Electromyographic, electrical stimulation, or ultrasound guidance is not necessary for 
accurate injection into these muscles. 

BoNT is injected into the nasal and lateral orbicularis oculi of the upper lid (often 
the pretarsal portion) and into the midline and lateral pretarsal orbicularis oculi of the 
lower lid. As noted, avoid injection in the midline in the upper eyelid near the levator pal- 
pebrae superioris and the medial lower corner of the lower lid to avoid the lacrimal gland 
and inferior oblique muscle. Patient comfort may be enhanced by applying a cold pack to 
the eyes before injection. Ecchymosis in the eyelid soft tissues can be reduced by avoiding 
injection into the small veins visible under the skin around the eye and by applying gentle 
pressure at the injection site immediately after the injection and/or the brief application of 
an ice pack (see Figure 2 following Chapter 8). 

Clinical Effect 

The initial effect of BoNT for blepharospasm is generally seen within 3 days, peaking 
at 1 to 2 weeks postinjection. Duration of effect is generally 12 to 14 weeks, but may 
last longer in some individuals. Most clinicians recommend a minimum reinjection 
interval of 12 weeks or longer depending on the patient’s symptoms. 

Adverse Events 

The most commonly reported adverse events when treating patients with blepha- 
rospasm are ptosis, dry eye, and lagophthalmos. Rare side effects include diplopia, 
ectropion, and nasal discharge (134). 



TABLE 6.1 Benign Essential Blepharospasm BoNT Reconstitution and Dosage Table (Adults >18 Years of Age) 


U1 


Primary Muscles 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Manufacturer Recommended Prescribing Information/FDA-Approved Dose 

Orbicularis oculi 

Initial dose: 

1 .25-2.5 units/site 
Initial dose/eye: 

6-12.5 units 

Four to five 
injection sites 

Volume of 
injectate per site: 
0.05-0.1 mL 

Not currently approved 
in the United States 

See below for 
approved dosage 
range in other 
countries and 
published dosage 
range 

Initial dose: 1 .25- 

2.5 units/site (0.05-0.1 
mL/site) 

Initial dose: 25-<35 
units/eye, <70 units 
total dose, both eyes 

No additional benefit 
reported with >5 
units/injection site 

Total dose <100 units 
per treatment cycle 
Published studies: 

Mean dose/site: 

5.6 units 

Mean dose/eye: 

33.5 units 

Not currently 
approved 

Avoid injection to 
the midline upper 
lid to avoid ptosis 
Avoid injection to 
the inner/medial 
corner, lower lid to 
avoid dry eye 

Injection sites 
(see Figure 

2 following 

Chapter 8) 

Upper lid: medial, 
lateral 

Lower lid: middle, 
lateral, outer 

Upper lid: medial, 
lateral 

Lower lid: middle, 
lateral, outer 

Upper lid: medial, 
lateral 

Lower lid: middle, 
lateral, outer, 
temporal 

Mean number of 
sites: six 


Avoid midline 
injection to the 
upper lid 

Avoid medial 
corner of the lower 
lid 


( continued ) 
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TABLE 6.1 Benign Essential Blepharospasm BoNT Reconstitution and Dosage Table (Adults >18 Years of Age)* (< continued ) 


Primary Muscles 

OBTA 

(Botox®) 

ABTA 

(Dy sport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Retreatment 

interval 

Minimum 12 wk 

Minimum 1 2 wk 

Minimum 12 wk 



Dilution 

100 units/4 mL 
(25 units/mL, 2.5 
units/0.1 mL) 

2.5 units/0.1 mL or 
1.25 units/0.05 mL 

100 units/8 mL 
(12.5 units/1 mL or 
1.25 units/0.1 mL) 

300-unit vial diluted 
with 1.5 mL PFNS 

200 units/1 mL 

50 units in 2 mL 
(25 units/mL, 

2.5 units/0.1 mL, or 

1 .25 units/0.05 mL) 

or 

50 units/4 mL 
(12.5 units/1 mL) for 

1 .25 units/0.1 mL 



Blepharospasm: Approved BoNT Dose — United Kingdom: UK MHRA-Labeled Dose 

Orbicularis oculi 

1.25-2.5 units/site 
6-12.5 units/eye 

Four to five 
injection sites 

Labeled dose is 120 
units/eye 1 : 

20 units (0.1 mL) 
medial injection sites 

40 units (0.2 mL) 
lateral injection sites 

1 .25-2.5 units/site 

6-12.5 units/eye 

Four to five sites 

Not currently 
approved 

'Note: Although 
the UK MHRA 
published dose is 

1 20 units/eye, this 
dose exceeds that 
typically used in 
clinical practice. 


{continued) 
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TABLE 6.1 Benign Essential Blepharospasm BoNT Reconstitution and Dosage Table (Adults >18 Years of Age)* ( continued ) 


U1 

o> 


Primary Muscles 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 



Four injection sites, see 
standard injection site 
pattern (see Figure 2 
following Chapter 8) 

See Note' 



In addition, doses 
of >50-60 units/eye 
of ABTA are 
associated with an 
increased incidence 
of weakness and 
ptosis 

The authors 
recommend a 
starting dosage 
range of 20- 
50 units/eye of 

ABTA 

UK MHRA 
published 
dilution 

50-unit vial diluted 
in 2-4 mL PFNS 
100-unit vial 
diluted in 4 or 8 mL 
for dose/0.1 mL as 
described above 

300-unit vial diluted 
with 1.5 mL PFNS for a 
dilution of 200 units/1 
mL or 20 unit/0.1 mL 

50 units in 2 mL PFNS 
or 50 units/4 mL, as 
described above 



UK MHRA 
published dose 
increase per 
treatment cycle 

Up to 2 times, 
based on response 
Maximum dose: 

<5 units/site, 

25 units/eye 

Total dose: <100 
units/session 

Repeat injections: 
Decreased to 80 units/ 
eye as needed 

0.1 mL medial 

0.1 mL lateral 

Further reduced to 

60 units/eye, as needed 





( continued ) 
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TABLE 6.1 Benign Essential Blepharospasm BoNT Reconstitution and Dosage Table (Adults >18 Years of Age)* ( continued ) 


Primary Muscles 

OBTA 

(Botox®) 

ABTA 

(Dy sport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 



NOTE: Doses of 

60-80 units may be 
associated with an 
increased weakness/ 
adverse events. 
Recommended dose 
range is 40-50 units/ 
eye. 




Retreatment 

interval 

Minimum 1 2 wk 

Minimum 1 2 wk 

Minimum 12 wk 

6-wk intervals have 
been described 



Published Dosage Range 

Orbicularis oculi 

25-50 units/eye 

50-70 units total 

20-120 units/eye 

Fewer adverse events 
reported with dose <80 
units/eye 2 

1 2-50 units/eye 
>25 units/eye had no 
increased benefit 

Average 
dosage: 3,633 
units 

Low dosage: 
500-3,500 units 
High dosage: 
400-6,200 units 

2 Note: The authors 
recommend a 
starting dosage 
range of 20- 
50 units/eye of 

ABTA 

Blepharospasm: Brow Muscle Injections 

Corrugator 

bilateral 

injection 

1.25-4 units/site 

2 sites each side 

5-10 units/site 

2 sites 

1.25-4 units at 

2 injection sites, 
bilaterally 



Procerus 

1.25-5 units 

1 injection site 

5-10 units 

1 site 

1.25-4 units 

1 injection site 




( continued ) 
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TABLE 6.1 Benign Essential Blepharospasm BoNT Reconstitution and Dosage Table (Adults >18 Years of Age)* (< continued ) 


U1 

00 


Primary Muscles 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Reported 
adverse events 
and side effects 

Hematoma, pain, 
ptosis, weakness in 
injected muscle(s) 
or adjacent 
muscles, diplopia 

Hematoma, pain, 
ptosis, weakness in 
injected muscle(s) 
or adjacent muscles, 
diplopia 

Hematoma, pain, 
ptosis, weakness in 
injected muscle(s) 
or adjacent muscles, 
diplopia 

Hematoma, 
pain, ptosis, 
weakness 
in injected 
muscle(s) 
or adjacent 
muscles, 
diplopia 



Sources: Refs. 34-36, 38, 40, 44, 53, 68, 133, 137, 139, 149, 197, 243, 244, 300, 316, 461^164. 

Abbreviations: ABTA, abobotulinumtoxinA; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); 

RBTB, rimabotulinumtoxinB. 

Blepharospasm: Orbicularis oculi injection sites: Medial and lateral orbicularis oculi, upper lid; lateral orbicularis oculi lower lid. Brow muscles injected as needed: 
Bilateral corrugator (one to two sites/side), procerus (one site) (see Figure 2 following Chapter 8). 

*UK MHRA published dose of 120 units/eye dose is higher than that typically used. 
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Botulinum Neurotoxin Therapy 
for Hemifacial Spasm 

Katharine E. Alter, MD 
Barbara I. Karp, MD 



Condition 

Hemifacial spasm (HFS) is a focal movement disorder characterized by unilateral, 
involuntary, tonic or clonic contractions or spasms in muscles innervated by the facial 
nerve (cranial nerve VII [CN VII]) (140). The most common cause of HFS is mechani- 
cal compression of CN VII by an enlarged or aberrant blood vessel as it exits the brain- 
stem. Less common causes include other compressive lesions (e.g., tumors) or damage 
to the peripheral facial nerve (e.g., subsequent to Bell’s palsy) (141, 142). HFS is more 
common in women and in the Asian population, with typical onset in the fifth or sixth 
decade of life. In the Caucasian population, the incidence of HFS is reported to be 0.78 
per 100,000, with an average prevalence of 7.4 per 100,000 people in males and 14.5 
per 100,000 in females (143). Most cases are sporadic, although some patients may 
have a genetic predisposition to developing HFS (144). HFS is a chronic condition, 
and spontaneous remission is rare. 

Clinical/F unctional Impact 

Although the cause and course are typically benign and nondisabling, the intermittent 
involuntary movements of HFS may cause significant distress to patients, leading to 
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a sense of facial disfigurement and social isolation. Spasms may also affect function. 
Involuntary eye closure, due to spasm of the orbicularis oculi muscle, may impair 
vision and reading. Less frequently, spasm of mouth and/or lip muscles may affect 
drinking, eating, or speech (140). 

Muscle Pattern/Muscles Involved 

Any of the muscles of facial expression innervated by CN VII may be affected. 
Common patterns include unilateral eye closure (due to involvement of unilateral 
orbicularis oculi), brow muscle contraction (corrugator, procerus, and/or frontalis), 
mouth deviation (orbicularis oris, risorius, zygomaticus, and/or levator labii), and/or 
nose (nasalis) or chin (mentalis) movements (145). HFS, unlike blepharospasm, is not 
aggravated by sensory stimulation, such as bright light (144), but the spasms may be 
worsened by stress. 

Evaluation 

The diagnosis of HFS is largely based on clinical presentation and patient symptoma- 
tology. Neuroimaging may reveal an aberrant or enlarged vessel or mass lesion overly- 
ing the facial nerve. Electrophysiologic studies of the facial nerve in HFS show ectopic 
excitation and ephaptic transmission (146). The differential diagnosis of HFS includes 
orofacial dystonia, facial myoclonus, tics, and hemimasticatory spasm (140, 147). 

Treatment 

Treatment options for HFS include microvascular decompression, oral medica- 
tions, or botulinum neurotoxin (BoNT) injections. BoNT injections have largely 
replaced other treatments because of the better risk/benefit ratio. Microvascular 
decompression entails the risk of neurosurgery, while oral medications frequently 
cause intolerable systemic side effects (140, 144). BoNTs have been used to treat 
HFS and blepharospasm for over two decades and are now considered standard 
of care, with many patients achieving excellent clinical benefit (53, 148). Long- 
term follow-up studies suggest that, over time, most patients with HFS continue 
to respond to BoNT treatment. Although some studies report an increase in the 
required dose over time, other studies report that dose escalation required to main- 
tain clinical benefit is minimal (149). 

BoNTs Approved for the Treatment of HFS 

Although BoNTs have been successfully used to treat HFS for many years and both 
onabotulinumtoxinA (OBTA) and incobotulinumtoxinA (IBTA) carry FDA approval 
for the treatment of blepharospasm, none of the currently approved BoNT products 
are specifically approved in the United States for HFS (34, 38). OBTA, IBTA, and 
abobotulinumtoxinA (ABTA) are approved outside the United States for the treat- 
ment of blepharospasm and OBTA and ABTA additionally have specific approval for 
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the treatment of HFS outside the United States (35, 40, 243). RimabotulinumtoxinB 
(RBTB) is not currently approved in the United States or elsewhere for the treatment 
of blepharospasm or HFS. However, there are published reports of RBTB being used 
to treat both conditions, typically in patients who are unresponsive to serotype A 
BoNTs (150). 

Level of Evidence 

Based on available studies of BoNTs for HFS, a 2013 evidence-based review con- 
cluded that the level of evidence for serotype A BoNTs as a class was Level B 
(Probably effective). Level B requires at least one Class I study or two consistent 
Class II studies (2, 138). Regarding individual BoNT preparations, there was Level 
B evidence supporting the use of OBTA and Level C (Possibly effective for the given 
condition/population and requires at least one Class II study or two consistent Class III 
studies) evidence for ABTA. The current level of evidence for IBTA and serotype B 
BoNTs was U (Unproven, data inadequate or conflicting data) (2, 138). A different 
2013 evidence-based review found Level I evidence supporting the use of BoNTs for 
HFS (151). 

In summary, although there are relatively few large, double-blind studies evalu- 
ating BoNTs for HFS, most clinicians consider BoNT to be the first-line treatment 
for this condition. Additional studies are needed to inform the optimal dose, injection 
interval, and indications for individual BoNT products for the treatment of both typical 
and atypical HFS (147). 


Treatment Goals 

The goal of BoNT treatment is to reduce involuntary movements and associated func- 
tional limitations and/or disfigurement caused by HFS and to improve the patient’s 
functioning and quality of life. 

Injection Pattern 

For HFS, unilateral injections of the orbicularis oculi are performed, along with 
injection of other affected muscles of facial expression. When treating HFS, injec- 
tions are tailored to an individual patient’s pattern of dystonia. There is substantial 
variability in which facial muscles are affected and severity of involuntary spasm. 
Therefore, the injection pattern must be tailored to the individual patient’s muscle 
pattern by observing the pattern of involuntary muscle contraction and targeting 
the individual muscles. Small muscles, such as the nasalis, may require only one 
injection site, whereas large muscles, such as the platysma, may require multiple 
injection sites. The dose per muscle, total dose, number of injection sites, and num- 
ber of muscles injected vary widely among patients. Commonly injected muscles 
include the orbicularis oculi, frontalis, procerus, corrugator, orbicularis oris, zygo- 
maticus, risorius, depressor anguli oris, buccinator, nasalis, platysma, and others. 
Some authors advocate injecting only upper facial muscles, especially the orbicularis 
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oculi, at the first treatment session, as this is often sufficient to control the patient’s 
symptoms. Patients who do not respond to the treatment of the orbicularis oculi 
only, or whose symptoms are limited to the lower face, should have the lower facial 
muscles injected. Some clinicians prefer to avoid the zygomaticus major, as weak- 
ness of that muscle visibly impairs smiling and facial expression and can result in 
lip biting from difficulty retracting the lip. Some clinicians also inject BoNT into 
muscles on the unaffected side of the face to reduce the appearance of asymmetry, 
which may result from unilateral injections (152). 

For patients with HFS involving the eye and/or brow, the injection pattern and 
typical starting dose are similar to those for blepharospasm, except that the injections 
are unilateral. Starting dose for other affected muscles is determined by the choice of 
BoNT product, muscle, and severity of the problem (see Table 6.1: Benign Essential 
Blepharospasm BoNT Reconstitution and Dosage Table for Adults >18 Years of Age 
for starting dosage suggestions. For details on injection pattern and anatomy, see 
Figures 1 and 2 following Chapter 8. For details on dosage and dilution, see Table 7.1: 
Hemifacial Spasm Dosage and Dilution Table for Adults >18 Years of Age following 
this chapter.) 

Dilution 

As when treating blepharospasm, the neurotoxin may be prepared at a higher dilution 
than used for dystonia involving large muscles to enable more precision in delivering 
small doses. For example, OBTA or IBTA may be diluted to achieve a concentration of 
1 .25 units/0. 1 mL or 2.5 units/0. 1 mL. To achieve a concentration of 1 .25 units/0. 1 mL, 
a 100-unit vial of OBTA or IBTA can be diluted in 8 mL of preservative-free normal 
saline (PFNS) or a 50-unit vial of IBTA can be diluted in 4 mL of PFNS. To achieve a 
concentration of 2.5 units/0. 1 mL, a 100-unit vial of OBTA or IBTA can be diluted with 
4 mL PFNS or a 50-unit vial of IBTA can be diluted in 2 mL of PFNS. A 300-unit vial 
of ABTA is typically diluted in 1 .5 mL of PFNS for a concentration of 200 units/1 mL 
or 20 units/0.1 mL. RBTB is provided in solution from the manufacturer and does not 
require reconstitution. If a higher dilution is desired this can be achieved by adding 
PFNS to the vial. 

Dosage 

Although considered the first-line treatment of HFS, none of the U.S. FDA-approved 
BoNT products are approved for the treatment of HFS. Dosing information is based on 
the literature and the serotype A BoNT approval for OBTA and ABTA in other countries 
(see Table 7.1: Hemifacial Spasm Dosage and Dilution Table for Adults >18 Years of 
Age for recommended starting dose, injection pattern, and dosage ranges). 

Injection Technique 

Reconstituted OBTA or IBTA is injected using a sterile 27- to 30-gauge needle. 
For patient comfort and to avoid bruising, a 30-gauge, 0.5-inch needle may be 
preferred. While not used uniformly, electromyography, electrical stimulation, or 
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ultrasound guidance may be helpful in locating particular muscles, such as the risorius 
or zygomaticus major (see Figures 2 and 3 following Chapter 8). 

Pain from the injections or ecchymosis can be reduced by applying pressure 
at the injection site immediately after the injection and/or the brief application of an 
ice pack. 

Clinical Effect 

As with blepharospasm, the initial effect of BoNT is generally seen within 3 days, 
peaking at 1 to 2 weeks postinjection. Duration of effect is generally 12 to 14 weeks. 
Most clinicians recommend a minimum reinjection interval of 12 weeks or longer 
depending on the patient’s symptoms. 

Adverse Events/Side Effects 

Adverse events when treating HFS include bruising and injection site pain. Other side 
effects include ptosis, dysphagia, xerostomia, xerophthalmia, facial asymmetry, and 
weakness in the injected muscles or those nearby. 



TABLE 7.1 Hemifacial Spasm Dosage and Dilution Table (Adults >18 Years of Age) 


■C* 


BoNT preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

U.S. FDA 
approval 

Currently not FDA 
approved 

Currently not 

FDA approved 

Currently not 
FDA approved 

Currently not 

FDA approved 


Orbicularis Oculi 

UK MHRA: 

Note: For 
orbicularis oculi, 
treat as unilateral 
blepharospasm 

1 .2-2.5 units/site 
Maximum dose: 

<5 units/site, 

25 units/eye 

120 units/ 
affected eye 1 
(20 units [0.1 
mL] medial 
injection sites) 

(40 units [0.2 
mL] lateral 
injection sites) 

See Note 1 

Currently not 
FDA approved 

Currently not 

FDA approved 

^ote: Although the UK MHRA 
published dose is 120 units, this 
dose exceeds that typically used 
in clinical practice. In addition, 
doses of >50-60 units of ABTA 
are associated with an increased 
incidence of weakness and ptosis. 
The authors recommend a 
starting dosage range of 20-50 
units/eye of ABTA. 

Orbicularis oculi 
injection sites 

Four injection 
sites; see standard 
injection site 
pattern 

Four injection 
sites; see 
standard 
injection site 
pattern 
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TABLE 7.1 Hemifacial Spasm Dosage and Dilution Table (Adults >18 Years of Age)* (< continued ) 


BoNT preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Obicularis Oculi Published Dosage Range 

Published dosage 
range 

1-50 units/eye 

20-60 units/eye 

12-43 units/ 
eye 

100, 200, 400, 
and 800 units 
reported 3 

2 Note: Doses >50-60 units of 

ABTA are associated with a 
higher incidence of weakness. 
Consider a starting dose of 

20-50 units/eye. 

3 Clinical improvement 
reported at doses >200 units. 
Sustained improvement 
reported with 400 and 800 unit 
doses. 

4 Reported total per 
treatment session is for 
bilateral injections in 
patients with blepharospasm. 
Injections for hemifacial 
spasm are performed 
unilaterally. The total dose 
will be V 2 that reported for 
blepharospasm. 

Mean, total dose 
range 

10-46 units/eye 

20-100 units/ 
eye 2 

12-70 units/ 
eye 


Dose/treatment 

cycle 

15-80 units 4 

28-220 units 4 

15-80 units 4 

1,250-9,000 

units 


( continued ) 
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TABLE 7.1 Hemifacial Spasm Dosage and Dilution Table (Adults >18 Years of Age)* (< continued ) 


a> 

a> 


BoNT preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Muscles of Facial Expression 

Depressor anguli 
oris, levator 
anguli oris, 
levator labii, 
nasalis, mentalis, 
orbicularis 
oris, risorius, 
zygomaticus 

1.25-2.5 units/ 
muscle 

May be increased 
slowly based on the 
patient's response 

5-10 units/ 
muscle 

May be 
increased 
slowly based 
on the patient's 
response 

1.25-2.5 units/ 
muscle 

May be 

increased slowly 
based on 
the patient's 
response 

1,200-2,500 

units 5 

Increase to 

5,000 units as 
needed 5 

5 Dose divided between obicularis 
oculi and facial 
muscles (238). 

Dilution 

100-unit vial 
diluted in 4 mL 

PFNS: 25 units/1 mL, 

2.5 units/0.1 mL 

8 mL PFNS: 

12.5 units/1 mL, 

1.25 units/0.1 mL 

In UK/Europe: 

50-unit vial diluted 
in 2-4 mL PFNS; see 
IBTA column 

300-unit vial 
diluted with 

1.5 mL PFNS 

200 units/1 mL 
or 20 unit/ 

0.1 mL 

50 units in 

2 mL: 

25 units/ 

1 mL, 2.5 
units/0.1 mL 

or 

50 units/4 mL: 
12.5 units/1 
mL, 

1.25 units/ 

0.1 mL 

Not required 
but can 
be further 
diluted; see 
note below f 



( continued ) 


PART I: BoNTs FOR THE TREATMENT OF MUSCLE OVERACTIVITY 




TABLE 7.1 Hemifacial Spasm Dosage and Dilution Table (Adults >18 Years of Age)* ( continued ) 


BoNT preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Reported adverse 
events and side 
effects 

Hematoma, pain, 
ptosis, weakness in 
injected muscle(s) 
or adjacent 
muscles, diplopia 

Hematoma, 
pain, ptosis, 
weakness 
in injected 
muscle(s) 
or adjacent 
muscles, 
diplopia 

Hematoma, 
pain, ptosis, 
weakness 
in injected 
muscle(s) 
or adjacent 
muscles, 
diplopia 

Hematoma, 
pain, ptosis, 
weakness 
in injected 
muscle(s) 
or adjacent 
muscles, 
diplopia 



*Note: When treating hemifacial spasm, injections are generally performed unilaterally. Some authors advocate for a low dose in contralateral muscles for facial 
symmetry. Any muscle innervated may be affected. Commonly affected/injected muscles include orbicularis oculi, orbicularis oris, risorius, zygomaticus, levator 
labii, nasalis, and mentalis. 

f Note: RBTB is provided from the manufacturer in a 5,000 units/mL solution. Higher dilutions can be achieved by the addition of PFNS to the vial. For a dilution 
of 2,500 units/mL, 0.5 mL PFNS is added to a 2,500 unit vial or 1 mL is added to a 5,000 unit vial. For a dilution of 1,250 units per vial 1.5 mL PFNS is added to a 
2,500 unit vial or 3 mL PFNS is added to a 5,000 unit vial. 

Abbreviations: ABTA, abobotulinumtoxinA; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); 

RBTB, rimabotulinumtoxinB. 

Sources: Refs. 34-36, 38, 40, 44, 96, 139, 143, 149, 152, 197, 238, 243, 461, 465-472. 
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Botulinum Neurotoxin Injections 
for Oromandibular Dystonias 

Katharine E. Alter, MD 
Barbara I. Karp, MD 



Condition 

Oromandibular dystonia (OMD) is a form of dystonia that involves the face, jaw, and 
oropharyngeal muscles. When occurring in isolation, it is a form of focal dystonia. OMD 
may also occur in combination with blepharospasm (Meige syndrome) or in patients 
with generalized dystonia (53, 153, 154). OMD is characterized by various combina- 
tions of intermittent or sustained movements in muscles of the face, mastication, phar- 
ynx, or the tongue. Common patterns of dystonia include jaw opening, jaw closing, and 
lateral deviation. Grinding or clenching of the teeth (similar to that seen in bruxism) 
may be present in patients with jaw closing dystonia and may also be seen in patients 
with secondary dystonia, such as that seen in patients with cerebral palsy or traumatic 
brain injury. OMD is more common in women and the mean age of onset is in the sixth 
decade, with a reported prevalence of 3.3 to 6.9 per million in the United States (153). 

Clinical/F unctional Impact 

OMD may affect a variety of functions including speaking, drinking, chewing, and 
swallowing. Patients frequently report that involuntary movements lead to repeated 
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injury to the lips, tongue, or inside of the cheek, and/or to abnormal wear or breakage 
of teeth. They also often report jaw or temporomandibular pain and headache. The 
involuntary movements are often visible and may provoke significant emotional dis- 
tress, interfere with communication, and lead to dysphagia with subsequent weight 
loss and social isolation (142). If associated with blepharospasm, vision may also be 
compromised. 

Pattern of Involvement 

The common patterns of OMD noted previously include jaw opening, which impli- 
cates the lateral pterygoid muscles and anterior belly of the digastric muscle, jaw 
closing or trismus (masseters, temporalis, and medial pterygoids), bruxism (masseter, 
temporalis, and/or medial pterygoid), jaw deviation (asymmetric involvement of the 
muscles listed previously). Other patterns include lip pursing (orbicularis oris) or lip 
retraction, grimacing (muscles of facial expression), and abnormal movements in the 
chin or neck (mentalis and/or platysma). Abnormal tongue movements include tongue 
protrusion, deviation, and complex writhing movements due to involvement of geni- 
oglossus and other tongue musculature (142). 

Evaluation 

The diagnosis of OMD is largely based on clinical presentation and patient symptoma- 
tology. A detailed medication history, specifically for neuroleptics, should be taken 
in patients with OMD to rule out tardive dyskinesia, which often involves orofacial 
muscles (154). 

Treatment 

Oral medications such as anticholinergics or benzodiazepines may be helpful in some 
patients with OMD, but their benefit is often outweighed by their side effects. Many 
patients with OMD report that their dystonic movements are temporarily improved 
with a “sensory trick,” such as placing a toothpick between the teeth, using a mouth 
guard, or chewing gum. Sensory tricks should be sought in people with OMD and 
a prescriptive occlusal device or mouth guard should also be considered. A night- 
time mouth guard or relaxation and/or behavioral therapy may be helpful for some 
patients, but is often less helpful in patients with OMD than in those with bruxism. 
Due to the complexity of the movements, botulinum neurotoxin (BoNT) therapy is 
not as effective for OMD as it is for blepharospasm or hemifacial spasm. However, 
BoNT therapy can be considered and may reduce the severity of OMD symptoms 
and improve quality of life. There are limited data on the starting dose, dose titration, 
and dosage range of BoNT when treating OMD. Clinicians should begin therapy at 
the lower end of the dosage range for each toxin product and adjust the dose based 
on the patient’s response (53). 
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BoNTs Approved for the Treatment of OMD 

None of the BoNT products currently approved by the FDA carry a specific approval 
for the treatment of OMD. 

Approvals Outside the United States 

None of the BoNT products currently available carry specific approval for the treat- 
ment of OMD. 

Level of Evidence 

In a 2013 evidence-based review using the American Academy of Neurology (AAN) 
clinical practice guidelines, the current evidence supports a Level C (Possibly effec- 
tive, ineffective or harmful for the given condition in the specified population; Level C 
requires one Class II study or two consistent Class III studies) recommendation for 
serotype A BoNTs for the treatment of OMD (2, 138). A different 2013 evidence- 
based review reported Level 1 evidence supporting the use of BoNTs for the treatment 
of OMD (151). 

Injection Pattern 

Muscle selection is based on the dominant pattern of the dystonic movement. Since the 
most common pattern is jaw-closing dystonia, the most common muscles injected are 
the bilateral masseters, temporalis, and medial pterygoids (see Figures 3 and 4 located 
at the end of this chapter). This pattern is also reportedly more amenable to treatment 
with BoNT therapy than other forms of OMD. Jaw-opening dystonia is less common 
and may be more difficult to treat (53). Muscles typically injected for jaw-opening 
dystonia include the lateral pterygoids and anterior belly of the digastric muscle, all 
injected bilaterally. The genioglossus or other tongue muscles can be targeted for 
lingual involvement. 

BoNT Dilution 

For precise dosing of small muscles, a higher dilution of BoNT is required. A 100-U 
vial of onabotulinumtoxinA (OBTA) is generally diluted with 2 mL preservative-free 
normal saline (PFNS), resulting in a concentration of 50 units/1 mL or 5 units/0.1 
mL. For abobotulinumtoxinA (ABTA), 300 units are diluted into 1.5 mL PFNS for 
a concentration of 200 units/1 mL or 20 unit/0.1 mL. A 50-unit vial of incobotuli- 
numtoxinA (IBTA) is diluted with 1 mL PFNS or a 100-unit vial with 2 mL PFNS 
for a concentration of 50 units/1 mL or 5 units/0.1 mL. RimabotulinumtoxinB 
(RBTB) is supplied in solution (5,000 units/mL) and does not require reconstitu- 
tion. If desired, PFNS can be added to the vial to further dilute the product; 0.5 mL 
PFNS added to a 2,500-unit vial will result in a concentration of 1,250 units/mL or 
125 units/0.1 mL. A 5,000-unit vial can be further diluted with 1 mL for a resulting 
concentration of 2,500 units/mL, 250 units/0.1 mL. Alternately, a 5,000 unit vial 
can be diluted with 3 mL for a concentration of 1,250 units/mL or 125 units/0.1 mL. 
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Dosage 

When treating patients with OMD, the dose per muscle and the total dose should be 
based on the severity of the dystonic movement and the size of the muscle. There are 
limited data to guide the dose for these muscles or the total dose. The available data 
on published dose and dose range/muscle are provided in Table 8.1: Oromandibular 
Dystonia Dosage/Dilution Table for Adults >18years of Age (53, 151, 154, 155). 

Injection Technique 

Most studies recommend the use of electromyography (EMG) guidance for many of 
the muscles injected when treating OMD, as palpation is often not possible and the 
muscles are near structures (such as the facial nerve or blood vessels), which should be 
avoided. Such guidance can also ensure that the injection is delivered into the correct 
muscle. B-mode ultrasound, which provides direct visualization of the muscles, ves- 
sels, and nerves, may also be used either alone or in combination with EMG to guide 
these injections (156, 157). 

Clinical Effect 

Many patients report significant benefit from BoNT injections, with reduced involun- 
tary movements, improved speech, chewing, and reduced emotional distress. As noted, 
those with jaw-closing dystonia often respond better than those with jaw-opening dys- 
tonia. Complex OMD with involvement of the tongue, oropharynx, or multiple mus- 
cles are particularly difficult to treat with BoNT. 

Adverse Events 

Dysphagia and dry mouth are common adverse events in those treated for OMD and 
are largely due to excessive weakness and spread to adjacent muscles or unintended 
targets like the salivary glands. Dysphagia is a common side effect with lingual 
injections (53). 



TABLE 8.1 Oromandibular Dystonia Dosage/Dilution Table (Adults >18 Years of Age) 


vj 

NJ 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

U.S. FDA 
approval 

Currently not 
FDA approved 

Currently 
not FDA 
approved 

Currently 
not FDA 
approved 

Currently not 

FDA approved 


UK MHRA 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Currently 
not an 
approved 
indication 

Currently not 
an approved 
indication 


Published Dosage Ranges 

Jaw-Opening Dystonia 

Digastric, 
anterior belly 

1.5-5 units 

No data 
available 

No data 
available 

No data 
available 

Assists jaw opening 

Elevates hyoid, also pulls tongue/jaw back, 
down, and open 

Mylohyoid 

Per injection site 
Total dose 

1.25-5 units 

4-20 units 

1.25-5 units 

No data 
available 

Assists jaw opening 

Elevates hyoid, pushes tongue up or out 
(protrusion) 

10-20 units 

30 units 

10-20 units 

Platysma 

20 units 

60 units 

No data 
available 

100-1,000 units 

Assists jaw opening 

Pterygoid, 

lateral 

dose 

Dosage range 

5-15 units 

40-60 units 

5-15 units 

500-1,000 units 

Primary muscle responsible for jaw opening 
(along with gravity) 

For localization, consider US or US and 

EMG. Ask patient to open jaw and deviate 
side to side 

7.5-40 units 

Dose increase 
>60 units as 
needed 

5-25 units 


{continued) 
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TABLE 8.1 Oromandibular Dystonia Dosage/Dilution Table (Adults >18 Years of Age) ( continued ) 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Mentalis - 

Submentalis 

complex 

Starting dose 
Dosage range 

5-20 units 

30-50 units 

5-20 units 

250-500 units 

Assists in initial jaw opening 

20-50 units 
(up to 

200 units 
reported) 

50-90 units 

5-50 units 

500-1,000 units 

Jaw-Closing Dystonia 

Masseter 

Starting dose 
Dosage range 

25-50 units 

50-100 units 

15-50 units 

1,500-2,500 

units 

Consider US or US and EMG to avoid the 
parotid gland 

15-75 units 

50-300 units 

15-75 units 

Pterygoid, 

medial 

10-20 units 

30-50 units 

10-20 units 

500-1,000 units 


Temporalis 

10-30 units 

50-100 units 

5-20 units 

No data 
available 

Multiple injection sites for this fan-shaped 
muscle 

Meige syndrome (blepharospasm + OMD): Treat as blepharospasm with other oromandibular muscles, as above. 

Lingual Muscle Dystonia 

Lingual/tongue 

muscles 

Starting dose 
Dosage range 

2.5-5 units 

10-30 units 

2.5-5 units 

200-500 units 

Treat with caution due to reported high 
incidence of dysphagia; consider treating 
unilaterally 

2.5-10 units 





{continued) 
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TABLE 8.1 Oromandibular Dystonia Dosage/Dilution Table (Adults >18 Years of Age) (< continued ) 


vj 

■c* 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Dilution 

Dilution 

100 units 
with 2 mL 

PFNS, for a 
concentration 
of SO units/mL 

300 units 
with 1 .5 mL 

PFNS for a 

concentra- 
tion of 

200 units/mL 

50 units 
with 0.5 
mL or 100 
units with 

1 mL for a 

concentra- 
tion of 100 
units/mL, 10 
units/ 

0.1 mL 

Provided in 
solution (5,000 
units/m L), 
reconstitution 
is not required. 

If desired RBTB 
can be further 
diluted, see 

Notes column 

Dilution of RBTB: Add 0.5 mL or 1.S mL 

PFNS to a 2,500 unit vial (0.5 mL) for 
a concentration of 2,500 units/mL or 

1,250 units/mL RBTB, respectively. To a 

5,000 unit vial add 1 mL or 3 mL for a 
concentration of 2,500 units/1 mL or 1,250 
units/mL, respectively. 

Adverse events/ 
side effects 

Xerostomia, 

dysphagia, 

weakness 

Xerostomia, 

dysphagia, 

weakness 

Limited 
data for 

OMD 

Limited data 
for OMD 



Abbreviations: ABTA, AbobotulinumtoxinA; EMG, Electromyography; IBTA, IncobotulinumtoxinA; OBTA, OnabotulinumtoxinA; OMD, Oromandibular 
Dystonia; PFNS, Preservative-Free Normal Saline (0.9%); RBTB, RimabotulinumtoxinB; US, Ultrasound. 

Sources: Refs. 34-36, 38, 40, 44, 53, 96, 151, 153, 154-156, 197, 243, 473. 
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Illustrations for Craniofacial Dystonia — Chapters 6-8 


FIGURE 1 Technique for intradermal botulinum neurotoxin injections. 



Injection Patterns for Blepharospasm 

Standard Injection Sites ■ Sites Outside Orbital Rim 
♦ Standard, Expanded Injection Sites 

Standard, Expanded Pattern Including Brow Injections 
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FIGURE 3 Muscles of facial expression, hemifacial spasm. 
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FIGURE 4 Temporalis muscle, oromandibular dystonia. 
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FIGURE 5 Medial and lateral pterygoid muscles, oromandibular dystonia. 
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Botulinum Neurotoxin Injections 
for Cervical Dystonia 

Katharine E. Alter, MD 
Michael C. Munin, MD, FAAPMR 
Sherry A. Downie, PhD 



Condition 

Clinical Presentation/F unctional Impact 

Cervical dystonia (CD or spasmodic torticollis) is a focal movement disorder 
characterized by co-contraction of agonist and antagonist muscles leading to invol- 
untary movements or postures of the head and/or neck. The disorder places the head 
away from its customary central position. CD is classified by the movement pattern or 
presenting posture and includes several subtypes (i.e., torticollis [lateral rotation], later- 
ocollis [lateral tilt], retrocollis [extension], anterocollis [flexion], sagittal shift, lateral 
shift, and frequently, combinations of these patterns). Patients often report improve- 
ment in their symptoms with some type of tactile stimulus (called a “sensory trick” or 
geste antagonist e), such as touching the chin (85, 158, 159). Abnormal movements, 
postures, and pain frequently impede functional tasks at home and work, like reading, 
watching television, viewing a computer screen, and/or driving. These impairments 
reduce quality of life, may result in social isolation, and may affect mood or cause 
depression. 
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Muscle Pattern 

When evaluating patients with CD, one of the most critical principles for clinicians to 
recognize is that a muscle can only move a bone or a structure to which it is attached. 
Although the aforementioned classification system of CD refers to “collis" (from col- 
lum, Latin referring to the neck), patients may present with an abnormal position of 
the “caput,” that is, the head or both the head and neck. Therefore, clinicians should 
record the position of both the head and the neck, as this distinction is important when 
considering which muscles should be injected (85, 158). For example, torticaput (lat- 
eral rotation of the head) may be caused by dystonic movements in the ipsilateral 
obliquus capitis inferioris (OCI) and/or the splenius capitis. Torticollis (lateral rotation 
of the neck) may be caused by dystonic contraction in the ipsilateral splenius cervicis 
or levator scapulae, the contralateral sternocleidomastoid (SCM), or other muscles 
(Table 9.1). Combined torticollis and torticaput may be caused by co-contraction of 
the combined muscles listed previously (Table 9.1 ). 

Abnormal movements associated with CD may include sustained postures, 
dystonic tremor, jerky movements, spasms, or combinations of these movements. In 
addition to abnormal movements, the majority of patients with CD also report pain 
that may be more disabling than the abnormal head posture (143, 160, 161 ). The vast 
majority of patients with CD are categorized as having a primary dystonia restricted 
to the head and neck region. CD may also present as one symptom of a generalized 
primary dystonia or a secondary dystonia, caused by another etiology, such as cerebral 
palsy. The diagnosis of secondary posttraumatic CD remains controversial (159, 162, 
163). CD is the most common form of focal dystonia and psychogenic cases are rare 
(143, 159, 160). Although the true incidence of CD is somewhat difficult to estimate 
due to variability in establishing the diagnosis, the prevalence is reported to be 0.4% of 
the population with women affected twice as often as men (159, 164, 165). 

Evaluation 

The diagnosis of CD is largely based on clinical evaluation. Radiologic studies may 
be helpful in some patients with atypical presentations or when a boney abnormal- 
ity is suspected. Clinical evaluation of CD is based on one or more of the available 
semiquantitative clinical rating scales. These scales include the Burke-Fahn-Marsden 
(BFM) Scale and the Unified Dystonia Rating Scale (UDRS) (166, 167). Rating 
scales specific for CD include the Toronto Western Spasmodic Torticollis Rating Scale 
(TWSTRS), the Tsui Scale, and the Dystonia Discomfort Scale (DDS) (167-171). 
The TWSTRS is the most widely used scale in clinical practice for evaluation of CD. 
It includes several sections, specifically a severity section based on examination, and 
both disability and pain sections informed by historical information provided by the 
patient. The TWSTRS also queries for the presence or absence of a geste antagoniste 
and whether sensory stimulation improves abnormal postures. The DDS evaluates the 
patient’s report of pain or discomfort associated with CD. Patients are asked to keep a 
daily diary and to rate their symptoms in multiples of 5%, ranging from no pain (0%) 
to maximum pain (100%). This scale has been reported to be valid and sensitive (see 
also www.dds.iabnetz.de) (171). 



TABLE 9.1 Cervical Dystonia: Head, Neck, and/or Shoulder Postures and Muscles Contributing to the Observed Patterns 


Pattern explanations: Muscles can only move structures to which they are attached (e.g., head, neck, shoulder). To determine which muscles 
may be involved, carefully observe the patient's abnormal posture or movement to determine whether the abnormal posture or movement 
involves the head, the neck, or both the head and neck. This requires that the patient's abnormal postures or movements be observed from 
the front, back, and both sides. 

Possible 

Muscle 

Involvement 

Torticollis 

(Neck 

Rotation) or 
Torticaput 
(Head 
Rotation) 

Laterocollis 
(Neck Tilt) 
and/or 
Laterocaput 
(Head Tilt ) 1 

Torticollis 

(Neck 

Rotation) + 
Laterocollis 
(Neck Tilt) 

Sagittal 
Shift 
(Anterior 
Head Shift 
With Neck 
Maintained 
in Neutral 
or Flexion ) 23 

Lateral 

Shift (Head 

Is Shifted 
Laterally, 
Away From 
the Midline, 
Toward the 
Shoulder ) 215 

Anterocollis 

(Neck 

Flexion) 

and/or 

Anterocaput 

(Head 

Flexion ) 343 

Anterocollis 
(Neck 
Flexion) + 
Retrocaput 
(Head 

Extension ) 343415 

Retrocollis 

(Neck 

Extension) 

and/or 

Retrocaput 

(Head 

Extension) 

Shoulder 
Elevation 
(With 
Upward or 
Downward 
Rotation of 
Glenohumeral 
(GH) joint) 

Levator 

scapulae 

Ipsilateral 

neck 

Ipsilateral 

neck 

Ipsilateral 
(T, L) 

Bilateral, 
holds neck 
in neutral 
or flexion 




Bilateral 

neck 

Ipsilateral 

(D) 

Longissimus 

capitis 

Ipsilateral 

head 

Ipsilateral 

head 





Bilateral head 

Bilateral 

head 


Longissimus 

cervicis 

Ipsilateral 

neck 

Ipsilateral 

neck 

Ipsilateral 
(T, L) 

Bilateral, 
holds neck 
in neutral 
or flexion 




Bilateral 

neck 


Longus 

capitis 






Bilateral 

head 




Longus colli 

Contralateral 
neck (2°) 





Bilateral 

neck 





( continued ) 
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TABLE 9.1 Cervical Dystonia: Head, Neck, and/or Shoulder Postures and Muscles Contributing to the 

Observed Patterns ( continued ) 


Pattern explanations: Muscles can only move structures to whiich thiey are attacFied (e.g., Fiead, neck, shoulder). To determine which muscles 
may be involved, carefully observe the patient's abnormal posture or movement to determine whether the abnormal posture or movement 
involves the head, the neck, or both the head and neck. This requires that the patient's abnormal postures or movements be observed from 
the front, back, and both sides. 

Possible 

Muscle 

Involvement 

Torticollis 

(Neck 

Rotation) or 
Torticaput 
(Head 
Rotation) 

Laterocollis 
(Neck Tilt) 
and/or 
Laterocaput 
(Head Tilt ) 1 

Torticollis 

(Neck 

Rotation) + 
Laterocollis 
(Neck Tilt) 

Sagittal 
Shift 
(Anterior 
Head Shift 
With Neck 
Maintained 
in Neutral 
or Flexion ) 23 

Lateral 

Shift (Head 

Is Shifted 
Laterally, 
Away From 
the Midline, 
Toward the 
Shoulder ) 215 

Anterocollis 

(Neck 

Flexion) 

and/or 

Anterocaput 

(Head 

Flexion ) 343 

Anterocollis 
(Neck 
Flexion) + 
Retrocaput 
(Head 

Extension ) 343415 

Retrocollis 

(Neck 

Extension) 

and/or 

Retrocaput 

(Head 

Extension) 

Shoulder 
Elevation 
(With 
Upward or 
Downward 
Rotation of 
Glenohumeral 
(GH) joint) 

Multifidus 

Contralateral 

neck 

Ipsilateral 

neck 

Contralateral 

(T) 

Ipsilateral (L) 

Bilateral, 
holds neck 
in neutral 
or flexion 




Bilateral 

neck 


Scalene, 

anterior 

Contralateral 

neck 

Ipsilateral 

neck 

Contralateral 

(T) 

Ipsilateral (L) 


Contralateral, 
holds neck in 
neutral or tilt 

Bilateral 

neck 

Bilateral neck 



Scalene, 

middle 


Ipsilateral 

neck 

Ipsilateral (L) 


Contralateral, 
holds neck in 
neutral or tilt 

Bilateral 

neck 

Bilateral neck 



Scalene, 

posterior 

Ipsilateral 
neck (2°) 

Ipsilateral 

neck 

Ipsilateral (T, L) 

Bilateral, 
holds neck 
in neutral 
or flexion 

Contralateral, 
holds neck in 
neutral or tilt 



Bilateral 
neck (2°) 


Semispinalis 

capitis 


Ipsilateral 

head 





Bilateral head 

Bilateral 

head 
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TABLE 9.1 Cervical Dystonia: Head, Neck, and/or Shoulder Postures and Muscles Contributing to the 

Observed Patterns ( continued ) 


Pattern explanations: Muscles can only move structures to which they are attached (e.g., head, neck, shoulder). To determine which muscles 
may be involved, carefully observe the patient's abnormal posture or movement to determine whether the abnormal posture or movement 
involves the head, the neck, or both the head and neck. This requires that the patient's abnormal postures or movements be observed from 
the front, back, and both sides. 

Possible 

Muscle 

Involvement 

Torticollis 

(Neck 

Rotation) or 
Torticaput 
(Head 
Rotation) 

Laterocollis 
(Neck Tilt) 
and/or 
Laterocaput 
(Head Tilt ) 1 

Torticollis 

(Neck 

Rotation) + 
Laterocollis 
(Neck Tilt) 

Sagittal 
Shift 
(Anterior 
Head Shift 
With Neck 
Maintained 
in Neutral 
or Flexion ) 23 

Lateral 

Shift (Head 

Is Shifted 
Laterally, 
Away From 
the Midline, 
Toward the 
Shoulder ) 215 

Anterocollis 

(Neck 

Flexion) 

and/or 

Anterocaput 

(Head 

Flexion ) 343 

Anterocollis 
(Neck 
Flexion) + 
Retrocaput 
(Head 

Extension ) 343415 

Retrocollis 

(Neck 

Extension) 

and/or 

Retrocaput 

(Head 

Extension) 

Shoulder 
Elevation 
(With 
Upward or 
Downward 
Rotation of 
Glenohumeral 
(GH) joint) 

Semispinalis 

cervicis 

Contralateral 

neck 

Ipsilateral 

neck 

Contralateral 

(T) 

Ipsilateral (L) 

Bilateral, 
holds neck 
in neutral 
or flexion 




Bilateral 

neck 


Splenius 

capitis 

Ipsilateral 

head 

Ipsilateral 

head 



Contralateral, 
pulls head away 
from midline 



Bilateral 

head 


Splenius 

cervicis 

Ipsilateral 

neck 

Ipsilateral 

neck 

Ipsilateral 
(T, L) 

Bilateral, 
holds neck 
in neutral 
or flexion 




Bilateral 

neck 


SCM 

Contralateral 

head 

Contralateral 

head 


Bilateral, 
extends 
head and/ 
or shifts 
head 
forward 

Contralateral, 
pulls head 
away from 
midline 


Bilateral head 
and neck 

Bilateral 

head 

extension 
(then flexes 
neck) 


Trapezius, 

upper 

Contralateral 

head 

Ipsilateral 

head 

Contralateral (T) 
Ipsilateral (L) 




Bilateral head 

Bilateral 

head 

Ipsilateral (U) 


( continued ) 
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TABLE 9.1 Cervical Dystonia: Head, Neck, and/or Shoulder Postures and Muscles Contributing to the 

Observed Patterns ( continued ) 


Pattern explanations: Muscles can only move structures to whiich thiey are attacFied (e.g., head, neck, shoulder). To determine which muscles 
may be involved, carefully observe the patient's abnormal posture or movement to determine whether the abnormal posture or movement 
involves the head, the neck, or both the head and neck. This requires that the patient's abnormal postures or movements be observed from 
the front, back, and both sides. 

Possible 

Muscle 

Involvement 

Torticollis 

(Neck 

Rotation) or 
Torticaput 
(Head 
Rotation) 

Laterocollis 
(Neck Tilt) 
and/or 
Laterocaput 
(Head Tilt) 1 

Torticollis 

(Neck 

Rotation) + 
Laterocollis 
(Neck Tilt) 

Sagittal 
Shift 
(Anterior 
Head Shift 
With Neck 
Maintained 
in Neutral 
or Flexion) 23 

Lateral 

Shift (Head 

Is Shifted 
Laterally, 
Away From 
the Midline, 
Toward the 
Shoulder) 215 

Anterocollis 

(Neck 

Flexion) 

and/or 

Anterocaput 

(Head 

Flexion) 343 

Anterocollis 
(Neck 
Flexion) + 
Retrocaput 
(Head 

Extension) 3 43 4b 

Retrocollis 

(Neck 

Extension) 

and/or 

Retrocaput 

(Head 

Extension) 

Shoulder 
Elevation 
(With 
Upward or 
Downward 
Rotation of 
Glenohumeral 
(GH) joint) 

Suboccipital Group: Cross Only Occipital Cl, Occipital C2, or C1-C2 5 

OCI 

Ipsilateral 

(C1-head) 6 




Contralateral, 
pulls head 
away from 
midline 





ocs 




Bilateral, 
extends 
head and/or 
shifts head 
forward 



Bilateral head 
(OCC-C1) 

Bilateral 

head 

(OCC-C1) 


Rectus 

capitis 

anterior 


Ipsilateral 
head (2° 
muscle) 




Bilateral 

head 

(OCC-C1) 

Bilateral head 
(OCC-C1) 



Rectus 

capitis 

posterior 

major 

Ipsilateral 

head 

(OCC-C2) 

Ipsilateral 

head 

(OCC-C2) 





Bilateral head 
(OCC-C2) 

Bilateral 

head 

(OCC-C2) 


Rectus capitis 

posterior 

minor 

Ipsilateral 

head 

(OCC-C1) 

Ipsilateral 

head 

(OCC-C1) 





Bilateral head 
(OCC-C1) 

Bilateral 

head 

(OCC-C1) 
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TABLE 9.1 Cervical Dystonia: Head, Neck, and/or Shoulder Postures and Muscles Contributing to the 

Observed Patterns ( continued ) 

Clinicians should carefully observe the position of both the head and the neck. This evaluation will guide in determining which muscles may be contributing to the 
abnormal posture or movement. When a patient presents with lateral deviation or tilt, remember that either the head or the neck or both may be affected. If a patient 
presents with laterocollis (neck tilt), then the splenius cervicis may be involved; if a patient presents with laterocaput (head tilt), then the splenius capitis may be 
contributing to the abnormal posture. If both the neck and the head are tilted, then both the splenius capitis and the cervicis may be contributing to the posture/movement. 

2a Sagittal shift: In anterior sagittal shift, the head is shifted or moved anteriorly, while the neck is maintained in neural or flexion. This shift occurs due to the combined 
effect of contraction of muscles that shift the head in an anterior direction and the action of neck extensor muscles. 

2b Lateral shift: In lateral shift, the head is deviated or shifted away from its normal midline position, toward the shoulder, whereas the neck remains in a midline position 
or is deviated toward the opposite shoulder. For example, in left lateral shift, the head is shifted away from midline toward the left shoulder. The neck remains in midline 
or is shifted to the right by the right cervical muscles. Muscles that may be involved in a left shift include the right SCM pulling the head toward the left shoulder, the right 
splenius capitis, and right OCI resist the head rotation force from the SCM and contribute force shifting the head away from midline toward the left shoulder. The right 
scalenes may act to keep the neck in the midline or tilt it to the right. 

3 In the literature, the term anterocollis is often used to refer to a flexed posture of the neck and/or head. However, although some patients present with both head and neck 
flexion, others may present with neck flexion and head extension. To be biomechanically correct, clinicians should observe and record the position of the head (caput) and 
neck (collis) separately. Neck flexion may be caused by the bilateral longus colli and/or the bilateral scalenes. Head flexion may be caused by the longus capitis. 

4a Clinical pearl: To correctly identify the subtype of anterocollis, observe the position of the patient’s head and neck. If the neck is flexed but the chin is pointed up or 
out, then the head is in extension. If the neck is flexed and the chin is pointed toward the chest, then the head is also in flexion. These two clinical patterns are distinctly 
different with different muscles involved; see Table 9.1. 

4b Neck flexion with head extension: When evaluating patients with anterocollis, carefully observe the position of the patient’s neck and head. Some patients will present 
with retrocaput or head extension superimposed on a flexed neck posture. This posture is generally caused by bilateral SCM involvement. Although the SCM, when acting 
bilaterally, may flex the neck, this muscle first extends the head. It does so because its superior attachment on the mastoid and superior nuchal line is posterior to the axis 
of head flexion/extension. Once the head reaches full range of motion in extension, continued force from the SCM will pull the neck (and extended head) forward. 

5 The suboccipital muscles cross only the occipital C l and occipital C2 joints. Contraction of these muscles produces only a small range of motion. Although the excursion 
is small, these muscles exert significant force and are quite powerful. When evaluating a patient with a dystonic contraction of the suboccipital muscle(s), the head may 
feel “stuck.” This is due to the combined action of dystonic muscle contraction, the small arc of motion at these joints, and the tight ligaments that span the involved joints 
at occipital C 1 . 

6 The OCI rotates Cl on C2. Cl and the skull base are held together by dense membranes, the anterior and posterior atlantooccipital membranes. Thus, when Cl is rotated, 
the head also rotates. Although the OCI does not directly attach to the head, it is considered a rotator of the head. 

Abbreviations: D, downward; GH, glenohumeral; L, laterocollis; OCC, occipital; OCI, obliquus capitis inferioris; OCS, obliquus capitis superioris; SCM, 
sternocleidomastoid; T, torticollis; U, upward; 2°, secondary. 
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Treatment 

Botulinum neurotoxin (BoNT) injections are considered the standard of care (pre- 
ferred treatment) for CD. BoNT injections are well tolerated and provide sympto- 
matic relief of the pulling, abnormal postures, and pain associated with CD. Patients 
may also benefit from physical therapy and/or the intermittent use of cervical collars. 
Various oral medications (e.g., anticholinergics, antidopaminergics, dopamine deple- 
tors, benzodiazepines) may be prescribed for some patients with CD, but none have 
been proven as effective as BoNT injections (143, 160, 164, 172). 

BoNTs Approved for the Treatment of CD 

Currently, several BoNT products are approved by the Food and Drug Administration 
(FDA) for the treatment of CD: onabotulinumtoxinA (OBTA), abobotulinumtoxinA 
(ABTA), incobotulinumtoxinA (IBTA), and rimabotulinumtoxinB (RBTB) (34, 36, 
38, 44). 

Level of Evidence 

There is high-quality Level A evidence to support the efficacy of OBTA, ABTA, IBTA, 
and RBTB in the treatment of CD (2, 138). 

Treatment Goals 

The goal of BoNT treatment is to decrease pain, improve abnormal postures, increase 
function, and improve quality of life in patients with CD. 

Treatment of Various Patterns of CD 

Muscle selection is based on the pattern of dystonic movements involving the head, 
neck and/or shoulder, tremor and/or dystonic movements, and pain. Physicians must 
be well versed in the regional anatomy and kinesiology of the individual muscles 
responsible for the abnormal head movements, which can be located either ipsilateral 
or contralateral to the movement (Table 9.1). When injecting BoNT for CD, the most 
commonly targeted muscles include the SCM, splenius capitis, splenius cervicis, leva- 
tor scapulae, scalenes (anterior and middle), longissimus capitis, semispinalis capitis, 
and trapezius. Other muscles that may be targeted by experienced clinicians include 
the OCI, longus colli, and longus capitis. When targeting the longus colli and longus 
capitis, most clinicians recommend the use of real-time imaging to guide the injec- 
tions, since these muscles are surrounded by large vessels and nerves and lie immedi- 
ately adjacent to the pharynx (90). 
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Dosage 

In neurotoxin-naive patients, clinicians are advised to initiate treatment with the lowest 
recommended published dose listed in the full prescribing information for each BoNT 
product. (See Tables 9. 1-9.3 for additional information.) When switching within or 
between BoNT serotypes, most manufacturers recommend starting with the lowest rec- 
ommended starting dose for their product (34, 36, 38, 44). Although there are published 
data on dosage conversion ratios, these data are not fully reliable, since each medica- 
tion has its own biologic formulation. Thus, unlike drugs such as opioids, these drugs 
cannot be directly converted between serotypes. Currently, all the manufacturers and 
the FDA recommend against the use of conversion ratios (55, 59, 63, 173-175). Until 
there is agreement on whether conversion ratios can be used safely, physicians should 
convert between serotypes with caution and use the lowest possible dose ratio. 

Muscle Localization 

The majority of physicians who perform BoNT injections for CD and the manufac- 
tures of BoNT products recommend the use of a supplementary guidance technique (in 
addition to palpation) to localize involved muscles. Commonly used localization tech- 
niques include electromyography, electrical stimulation, B-mode ultrasound, and/or 
combinations of these techniques (90). Each of these guidance techniques has advan- 
tages and disadvantages, and this topic is covered in detail in Chapter 4. 

Adverse Events 

The most common side effect from injections with BoNT is dysphagia, with an inci- 
dence varying between 10% and 30% in randomized trials, regardless of serotype. 
Other adverse events include injection- site pain, dry mouth, flu-like symptoms, and 
any of the adverse events listed in the full prescribing information included with each 
vial of BoNT. 



TABLE 9.2 BoNT for Cervical Dystonia: Manufacturer’s Recommended Dosage Range (Adults >18 Years of Age) 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Manufacturer's Recommended Dose, Dosage Range from Package Insert/Prescribing Information (PI) 

Dose 

236 units' 

500 units 2 

120 units 2 

2,500-5,000 units 

'Mean dosage 
initial dose 

3 No added benefit, and 
increased AE reported 
withi a 10,000-unit dose in 
registration trials 

4 lncreased AE reported 
withi dosages >1000 units 

5 ln registration trials, no 
meaningful difference in 
efficacy with 240 units, 
compared to 120 units 

Dosage range 

198-300 units 
(25th— 75th 
percentile) 



2,500-5,000 units 

Published Total Dosage Ranges (from Published Studies) 

Dosage range 

50-500 units 

125-1,200 units 4 
(500 units, 
most commonly 
reported 
maximum dose) 

Toxin-naive patients: <120 units 
Dosage range: 50-180 units, in 
most studies 

Previously treated patients: 

Mean dose: 245 units 

Dosage range: 120-300 units 5 

579-25, 000 3 


Recommended 
or reported dose 
increase per 
session: 

5%-20% 

250 units/session 

5% -20% 

Not reported 
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TABLE 9.2 BoNT for Cervical Dystonia: Manufacturer’s Recommended Dosage Range (Adults >18 Years of Age) (« continued ) 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport*) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Dose modifiers 

Consider 
lower initial 
total dose 
for milder 
symptoms, 
smaller 
muscles, or 
history of 
dysphagia 
with other 

BoNT 

products 

Consider lower 
initial total 
dose for milder 
symptoms, smaller 
muscles, or history 
of dysphagia 
with other BoNT 
products 

Consider lower initial total dose 
for milder symptoms, smaller 
muscles, or history of dysphagia 
with other BoNT products 

Consider lower 
initial total 
dose for milder 
symptoms, smaller 
muscles, or history 
of dysphagia 
with other BoNT 
products 


Mean duration 
of effect 

94 days 

No significant 
differences 
among 
other BoNT 
products 

84 days 

No significant 
differences among 
other BoNT 
products 

95.9 days 

No significant differences 
among other BoNT products 

93.4 days 

No significant 
differences 
among other 

BoNT products 


Retreatment 

interval 

12-16 weeks 
or longer, 
based on 
return of 
symptoms 

1 2-16 weeks or 
longer, based 
on return of 
symptoms 

12-16 weeks or longer, based 
on return of symptoms 

12-16 weeks or 
longer, based 
on return of 
symptoms 


Published range: 6-16 weeks 


( continued ) 
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TABLE 9.2 BoNT for Cervical Dystonia: Manufacturer’s Recommended Dosage Range (Adults >18 Years of Age) (continued) 


VO 

o 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Dilution and 

resultant 

concentration 

100-unit vial 
with 1-mL 

PFNS 

100 units/1 mL 
10 units/0.1 mL 

300-unit vial with 
0.6-mL PFNS 

250 units/1 mL 

25 units/0.1 mL 

50-unit vial with 0.5-mL PFNS 

100 units/1 mL 

10 units/0.1 mL 

N/A, product 
is provided in 
solution, 5,000 
units/1 mL 

500 units/0.1 mL 

All dilutions using PFNS 
for injection 


100-unit vial 
with 2-mL 

PFNS 

50 units/1 mL 

5 units/0.1 mL 

500-unit vial with 
1-mL PFNS 

500 units/1 mL 

50 units/0.1 mL 





200-unit vial 
with 2-mL 

PFNS 

100 units/1 mL 
10units/0.1 mL 


100-unit vial with 1-mL PFNS 

100 units/1 mL 

10 units/0.1 mL 




200-unit vial 
with 4-mL 

PFNS 

50 units/1 mL 

5 units/0.1 mL 





AEs 

Dysphagia 

3.4%-19% 

19.4%-26.8% 

1 3%— 1 8% 

1 5.6%-25% 

See manufacturer's full PI 
for a full list of AEs 

Xerostomia 

0.8%-41 % 

2.9%-36.7% 

Incidence not reported in PI 

3.2%-90% 



Abbreviations: ABTA, abobotulinumtoxinA; AE, adverse events; BoNT, botulinum neurotoxin; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, 
preservative-free normal saline (0.9%); PI, prescribing information; RBTB, rimabotulinumtoxinB; SCM, sternocleidomastoid. 


Sources: Refs. 34, 36, 38, 41, 44, 59, 85, 96, 133, 151, 172, 173, 195, 197, 198, 474-486. 


PART I: BoNTs FOR THE TREATMENT OF MUSCLE OVERACTIVITY 




TABLE 9.3 BoNT for Cervical Dystonia: Published Dosage Range per Muscle (Adults >18 Years of Age) 


This table provides information on the published dosage range per muscle and maximum dose from clinical trials for the four FDA-approved 
BoNT products. 

The dose per muscle and total dose per treatment session for toxin-naive patients or patients with prior exposure to BoNT is determined by 
the severity of symptoms, size of the target muscle, response to prior injections, adverse events with prior injections, number of muscles to be 
injected, and medical comorbidities. 


BoNT 

Preparation 

OBTA 

(Botox*) 

ABTA 
(Dy sport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Levator scapulae 

20-100 units* 

Median: 105.3 units* 
Range: 50-200 units* 

23-32 units* 

325-750 units* 


5-100 units** 

20-200 units** 

5-60 units** 

325-750 units** 


Longissimus 

capitis 

Not reported* 

Median: 150 units* 
Range: 100-200 units* 

20-47.3 units mean 
dose* 

500-1,000 

units* 


Not reported** 

100-200 units 

Not reported** 

Not reported** 


20-50 units 1 

100-200 units 1 

20-50 units 1 

250-500 units 1 

1 First author's dosage 
range 

Longus colli, 
longus capitis 

Not reported* 

Not reported* 

Not reported* 

Not reported* 


30-33 units 3 

20-60 units 2 

Not reported** 

Not reported** 

2 Flowers et al. (479) 
3 Herting et al. (482) 

15-25 units 1 

25-75 units 1 

15-25 units 1 

150-250 units 1 

1 First author's dosage 
range 

Obliquus capitis 
inferioris 

Not reported* 

Not reported* 

Not reported* 

Not reported* 


Not reported** 

Not reported** 

Toxin-naive patients: 

12 units mean dosage** 
All patients: 23 units 
mean dosage** 

Not reported** 
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TABLE 9.3 BoNT for Cervical Dystonia: Published Dosage Range per Muscle (Adults >18 Years of Age) (< continued ) 


VO 

ISJ 


BoNT 

Preparation 

OBTA 

(Botox*) 

ABTA 
(Dy sport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Obliquus capitis 
inferioris ( continued ) 

10-25 units 1 

25-60 units 1 

10-25 units 1 

100-1 50 units 1 

1 First author's dosage 
range 

Scalenes, 

middle/anterior 

15-50 units, 
divided* 

Median: 1 1 5.5 units* 
Range: 50-300 units* 

Median: 20 units* 

75th percentile: 25 units* 

150-250 units, 
divided* 


5-25 units/ 
muscle** 

20-300 units/ 
muscle** 

Toxin-naive patients: 

10 units/muscle mean 
dose** 

All patients: 17 units/ 
muscle mean dose** 
Dosage range: 

5-25 units/muscle** 

1 50-500 units** 


Semispinalis 

capitis 

30-100 units* 

Median: 131 units* 
Range: 50-250 units* 

Range: 20-100 units* 

500-1,800 

units* 


20-100 units** 

80-400 units** 

Toxin-naive patients: 

18 units mean dosage** 
All patients: 33 units 
mean dosage** 

500-2,500 

units** 


Splenius capitis 

30-100 units* 

Median: 1 31 .6 units* 
Range: 50-300 units* 

Median: 48 units* 

75th percentile: 63 units* 

500-1,250 

units* 


10-100 units** 

40-450 units** 

Range: 10-100 units 
Toxin-naive patients: 

34.4 units mean dosage 
All patients: 43.6 units 
mean dosage 

500-1,500 

units** 


Splenius cervicis 

20-60 units* 

Not reported 
separately 

Not reported separately 
by manufacturer 

Not reported 
separately* 
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TABLE 9.3 BoNT for Cervical Dystonia: Published Dosage Range per Muscle (Adults >18 Years of Age) ( continued ) 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 
(Dy sport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Splenius cervicis 
( continued ) 

20-100 units, 
divided between 
splenius capitis 
and cervicis** 

40-400 units, divided 
between splenius 
capitis and cervicis** 

Toxin-naive patients: 

14.5 units mean 
dosage** 

All patients: 28.9 units 
mean dosage** 

Range: 10-100 units** 

500-2,500 
units, divided 
between 
splenius capitis 
and cervicis** 


SCM 

15-100 units* 4 

Median: 125 units* 
Range: 50-350 units* 

Median: 25 units* 

75th percentile: 35 
units* 

Range: 5-50 units* 

250-1,500 units 

4 Limiting dose in SCM 
to <100 units may 
decrease the incidence 
of dysphagia 

5-150 units** 4 

20-300 units** 

Note: Unilateral dose 
>150 units associated 
with increased 
incidence of dysphagia 

Toxin-naive patients: 

37.2 units mean 
dosage** 

All patients: 47.3 units 
mean dosage** 

250-1,500 

units** 


Trapezius 

20-100 units* 

Median: 1 50 units* 
Range: 50-350 units* 

Median: 25 units* 

75th percentile: 25 units* 

250-1,750 units 


Trapezius, upper 

5-50 units** 

20-300 units** 

Toxin-naive patients: 45 
units mean dosage** 

All patients: 47.3 units 
mean dosage** 

Range: 5-50 units** 

250-2,500 

units** 



"Reported dosage in manufacturer’s prescribing information. 

""Published dosage range from published studies. 

Abbreviations: ABTA, abobotulinumtoxinA; AE, adverse events; BoNT, botulinum neurotoxin; FDA, Food and Drug Administration; IBTA, incobotulinumtoxinA; 
OBTA, onabotulinumtoxinA; RBTB, rimabotulinumtoxinB; SCM, sternocleidomastoid. 


Sources: Refs. 34, 36, 38, 41, 44, 59, 85, 96, 133, 151, 172, 173, 195, 197, 198, 474-486. 
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CHAPTER 9: BoNT INJECTIONS FOR CERVICAL DYSTONIA 




Illustrations for Cervical Dystonia — Chapter 9 


FIGURE 1 Ceryical muscles, anterolateral view, superficial and intermediate muscle 
layers. 



FIGURE 2 Ceryical muscles, anterior view, intermediate and deep muscle layers. 
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FIGURE 3 Cervical muscles, posterior view, intermediate and deep muscle layers. 
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Upper Limb, Lower Limb, and 
Trunk Dystonia 



- 10 ^ 

Botulinum Neurotoxin for the 
Treatment of Idiopathic Primary 
Focal Limb Dystonia 

Katharine E. Alter, MD 
David Simpson, MD, FAAN 
Elie Elovic, MD 



Condition 

Dystonia is a movement disorder characterized by involuntary movements or repetitive 
postures. These postures and movements are often, but not always, twisting in nature, 
may be hyperkinetic or hypokinetic, and may be accompanied by a dystonic tremor. 
Dystonia is classibed using several subtypes based on patterns or regions of the body 
involved. Subtypes include focal dystonia, where a limited portion of the limb is 
affected; segmental dystonia, where the entire limb is affected; or generalized dystonia 
(176, 177). Botulinum neurotoxin (BoNT) therapy may be useful in treating any form 
of symptomatic dystonia. This chapter focuses on the treatment of idiopathic primary 
focal limb dystonia (IPFLD), one form of idiopathic focal dystonia. Other types of 
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primary idiopathic focal dystonia including blepharospasm, hemifacial spasm, cervi- 
cal, oromandibular, cervical, and trunk dystonia are covered elsewhere in this text. 

Although patients with IPFLD may present with dystonia involving the upper 
or lower limbs, the upper limbs are much more commonly affected (178, 179). Focal 
dystonia involving the lower limb is rare, and additional care should be taken during 
the workup of these patients to rule out other potential causes for the patients’ symp- 
toms, including a variety of neurological conditions (spasticity, stiff person syndrome, 
Parkinson disease, and others) (178, 180). 

Focal dystonia is often task specific, such as that seen in patients with writer’s 
cramp, musician’s cramp, and task-specific lower limb disorders including “runner’s 
dystonia’’ (177, 178). Task specificity implies that the involuntary movement is induced 
by performing a specific task, such as holding a pen or playing the piano, but not by 
other tasks involving the same muscle or muscle groups, for example, holding a tooth- 
brush or typing. Task specificity may be lost over time, and involuntary movements may 
generalize or spread to other muscles or may be provoked by other tasks. Examples 
include writer’s cramp, where dystonia initially involves only thumb muscles, but even- 
tually spreads to affect the finger, wrist, or forearm muscles. Another example of the 
loss of task specificity is in patients with lower limb dystonia where symptoms are ini- 
tially present only with running but eventually may be present with walking (177, 179, 
180). IPFLD, like other forms of idiopathic focal dystonia, typically begins in middle 
age and affects both males and females. Unlike most other forms of idiopathic primary 
dystonia (e.g., blepharospasm and cervical dystonia), IPFLD is more common in men 
than in women (157). The prevalence of primary dystonia varies somewhat by country/ 
ethnicity and increases with age. In the general population, the prevalence of 1PLLD is 
estimated to be 10 to 16.4/100,000 with an overall prevalence of primary focal dystonia 
(PLD) estimated to be 15.6/100,000. Of the PLDs, cervical dystonia is the most common 
with a reported prevalence of 4.98/100,000. The reported prevalence of primary focal 
limb dystonia (PFLD) is 1.24/100,000 and that of writer’s cramp is 1.65/100,000 (181). 

ClinicaUF unctional Impact 

The involuntary movements and postures associated with IPFLD interfere with activi- 
ties of daily living (ADLs), occupational tasks, writing, walking, running, sports, 
avocational interests, and with quality of life (182). As noted, the dystonic postures 
and involuntary movements are frequently task specific; examples include focal hand 
dystonia (writer’s cramp, musician’s cramp, and others) or patients with involuntary 
movements when dancing or running (157, 183, 184). As a form of compensation 
or an attempt to improve function, patients often adapt their pen/pencil grip; modify 
techniques when writing or typing; use their nondominant hand; or change their gait. 
Involuntary movements and compensations may lead to other postural problems, abnor- 
mal joint biomechanics, pain, or discomfort. The dystonic movements or postures may 
severely limit the patient’s function including ADLs, hand use, and/or mobility. 

Pattern of Involvement 

While the presenting posture or abnormal movements vary among patients, there are 
some commonalities. 
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Upper Limb IPFLD 

In IPFLD involving the upper limbs, forearm and hand muscles are affected more 
often than proximal muscles (185, 186). When proximal muscles are involved, a flexed 
elbow pattern is more common than extension. Shoulder elevation often accompanies 
elbow flexion. In the forearm, pronation and flexion of the wrist are more common 
than extension. Finger flexion is also more common than extension. In patients pre- 
senting with musician’s cramp (focal, task-specific hand dystonia), different patterns 
of involvement are noted with different instruments. In pianists, flexion of the fourth 
and fifth fingers is common; in guitarists, flexion of the third finger is common; and in 
clarinet players extension of the third finger is common (187). Although the aforemen- 
tioned patterns are more common, virtually any muscle and/or groups of muscles may 
be involved in an individual patient. Because each patient may present with a unique 
pattern, the patient should be observed performing the task or function that provokes 
the abnormal movement (188). In a 10-year review of BoNT therapy for focal hand 
dystonia, Lungu et al. reported that the average number of muscles treated in musi- 
cians was 1.7 (± 0.08) and in nonmusicians was 3.1 (± 0.08) (189). 

Lower Limb IPF L D 

As with upper limb IPFLD, the abnormal movement patterns involving the lower limb 
are quite variable and distal muscles are affected more commonly than proximal mus- 
cles. At the ankle, plantar flexion, foot inversion, and toe flexion are more common 
than dorsiflexion, eversion, and toe extension. At the knee, involuntary knee flexion 
and/or extension patterns are common (179). Involvement of hip girdle muscles (flex- 
ion, extension, and adduction) is less common, but is occasionally seen. 

Evaluation 

The evaluation of a patient presenting with IPFLD starts with a detailed history, includ- 
ing history of the present problem, and medical and family history, inquiring specifi- 
cally about involuntary movements or neurological problems in other family members. 
The patient should be questioned about onset/duration of his or her involuntary move- 
ments or symptoms, pattern of involvement, factors that worsen or improve the invol- 
untary movements, as well as practice history for musicians. The patient should also 
be asked if the involuntary movements have spread or generalized to affect other areas 
or tasks and for the presence of a sensory trick ( geste antagoniste). A detailed physical 
examination is imperative. Physical examination should include detailed neurological 
and musculoskeletal examinations. The patient should be observed while performing 
tasks that provoke the symptoms (writing, playing an instrument, walking, running, 
etc.). All patients with focal hand dystonia should undergo a thorough examination to 
rule out a peripheral neuropathy or entrapment neuropathy (188). Patients with a neu- 
ropathy will present with weakness and/or sensory loss that is not typical for a patient 
with IPFLD. Imaging and/or metabolic workup should be considered, particularly in 
patients with atypical presentation or symptoms, and in all who present with IPFLD 
involving the lower limb(s), which is exceedingly rare. 
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Treatment 

Although there are other treatment options for IPFLD (rehabilitation therapies, splint- 
ing, oral medications, BoNT injections, and surgery), BoNT is the treatment of choice 
for the vast majority of patients. Many patients may benefit from physical or occu- 
pational therapy, adaptive aids, splinting, or orthotic devices. Not all therapists are 
familiar with the evaluation or treatment of dystonia and physicians should establish a 
therapist’s level of expertise prior to referring patients. 

Oral Medications 

Side effects of oral medications are fairly common and these agents (baclofen, L-dopa, 
tetrabenazine, trihexyphenidyl, benzodiazepines, and others) are generally reserved 
for patients who fail BoNT therapy (190, 191). 

Other Interventions 

Transcranial magnetic stimulation has also been used for the treatment of focal dysto- 
nia (192). Surgical interventions, such as intrathecal or intraventricular baclofen and/ 
or deep brain stimulation, may also be considered for patients who fail medical ther- 
apy but these interventions are rarely recommended (176, 191, 193). 

BoNT Injections 

BoNT is widely accepted as the treatment of choice and standard of care for the treatment 
of IPFLD, including writer’s cramp, musician’s cramp, and other occupational or focal 
limb dystonia (157, 188, 190, 194, 195). Many patients report significant symptomatic 
and functional benefits from BoNT injections and the majority continue the treatment, 
often for many years (189, 196). The most commonly reported reason for discontinuing 
the treatment is insufficient benefit (189, 196). Evaluation of benefit is made difficult 
by the lack of validated, standardized scales for the various forms of IPFLD (186, 196). 


Regulatory Approval Status for the Treatment of IPFLD 

Although none of the currently approved BoNT products are approved by the Food and 
Drug Administration (FDA) or international regulatory authorities for the treatment of 
IPFLD, BoNT therapy is considered the treatment of choice by most expert clinicians. 

Level of Evidence 

In their review of evidence for IPFLD, Hallett et al. (2003) concluded that the current 
level of evidence supports a Level B (Probably effective, ineffective or harmful for the 
given condition in the specified population (197). Level B requires one Class II study 
or two consistent Class II studies) recommendation for onabotulinumtoxinA (OBTA) 
and abobotulinumtoxinA (ABTA) for the treatment of IPFLD (Levels of Evidence, see 
[138]). Due to lack of evidence, the same authors reported Level U (Unproven, data 
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inadequate or conflicting; given current knowledge, treatment is unproven) evidence 
for incobotulinumtoxinA (IBTA) and rimabotulinumtoxinB (RBTB) for the treatment 
of IPFLD. Simpson et al. (2008) reviewed the evidence for BoNT for the treatment of 
movement disorders including focal dystonia and concluded that there was Level B 
evidence for the treatment of focal hand dystonia (198). 

Injection Pattern and Technique 

Prior to injection, patients should be observed performing the task or function, such as 
writing, typing, playing an instrument, or running/walking, that provokes their symp- 
toms. This close observation is the key to establishing which muscles are responsi- 
ble for dystonic movements and which may be compensatory. For a neurotoxin-naive 
patient, in the first treatment session, injection of a few key muscles may be considered 
(188). This may help establish whether a few muscles are triggering other muscles 
and/or contracting as a form of compensation for the dystonia. 

Muscles and muscle fascicles are localized using surface anatomy, anatomic ref- 
erence guides, palpation, and with active and passive ranges of motion. When treating 
patients with IPFLD, in which muscle involvement is very localized, precise targeting 
of a muscle and/or muscle fascicle is required. Many expert clinicians recommend the 
use of an adjunctive localization technique in addition to the aforementioned tech- 
niques. Supplementary techniques include electromyography (EMG), electrical stimu- 
lation (e-stim), and B-mode ultrasound (US). Each of these techniques has advantages 
and disadvantages (90) (see Chapter 4). However, there is limited evidence related to 
the use of supplementary targeting techniques and whether these techniques improve 
outcome or reduce adverse events. Evidence is also limited regarding the superiority or 
inferiority of one technique over another. In their review, Hallett et al. (2013) reported 
evidence from two Class II studies (138), one of which supported enhanced accuracy 
of needle placement using EMG (105, 106, 197, 198). While many, if not most, cli- 
nicians recommend a supplementary localization technique when performing BoNT 
injections, additional studies are needed to establish which technique(s) is superior 
(92). Charles and Gill reported potential benefits of more accurate localization, includ- 
ing reduction in the required effective dose of BoNT and reduced antibody formation 
(187). Additional studies are required to determine the most effective, most accurate 
localization technique for BoNT injections, including those for IPFLD. 

Retreatment Interval 

Most clinicians recommend a minimum treatment interval of 12 weeks between injec- 
tions. The reinjection interval should be determined by the return of symptoms. In 
a 10-year follow-up of patients with focal hand dystonia, Lungu et al. reported that 
musicians tended to wait longer between treatment sessions than patients with focal 
hand dystonia due to other causes (189). The same authors reported a trend toward 
greater efficacy with shorter injection intervals. While the practice of booster dosing 
has been reported, at the time of publication of this text this practice is discouraged 
by many clinicians and researchers (199). Clinical research into the safety of booster 
dosing is ongoing. 
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Toxin Dilution 

When precise dosing with a small number of units is required for small muscles, a 
higher dilution of BoNT is required. There is limited data from clinical trials related 
to dilution of BoNT for 1PFLD and additional studies are required to determine the 
optimal dilution of the various BoNT products for this and other conditions. 


OBTA 

For a dosage of higher than 5 units per muscle or fascicle, most clinicians recommend 
using a dilution of 100 units with 1 mL of preservative-free normal (0.9%) saline 
(PFNS) (concentration: 100 units/mL, 10 units/0.1 mL). When a dosage of less than 
5 units per muscle or muscle fascicle is required, clinicians may consider a higher 
dilution, for example, 100 units diluted with 2-rnL PFNS (concentration: 50 units/mL, 
5 units/0. 1 mL). 


ABTA 

For ABTA, the published dilution from clinical trials is 20 units/0. 1 mL. To achieve 
this dilution, 300 units of ABTA are diluted in 1.5-mL PFNS for a concentration of 
200 units/mL (20 unit/0.1 mL). A 500-unit vial is required if the treatment dosage 
is of 500 or higher units. To achieve a dilution of 200 units/mL (20 units/0.1 mL), a 
500-unit vial is reconstituted with 2.5-mL PFNS. 

IBTA 

A 50-unit vial is used when the total treatment dosage is less than 50 units, and a 100-unit 
vial is required for a dosage of 50 or higher units. For a dosage per muscle or muscle fas- 
cicle of less than 5 units, most clinicians recommend using a concentration of 100 units/ 
mL (10 units/0.1 mL). To achieve this dilution, a 50-unit vial is reconstituted with 0.5-mL 
PFNS or a 100-unit vial is reconstituted with 1-mL PFNS (concentration: 100 units/mL, 
10 units/0. 1 mL). When the recommended treatment dosage is less than 5 units per muscle 
or muscle fascicle, clinicians may consider a higher dilution, for example, reconstituting a 
50-unit vial with 1-mL PFNS or a 100-unit vial of IBTA with 2-mL PFNS. This results in 
a concentration of 50 units/mL or 5 units/0.1 mL. 

RBTB 

RBTB is supplied in solution (5,000 units/mL), does not require reconstitution, and 
is available in 2,500-, 5,000-, or 10,000-unit vials. If desired, PFNS can be added 
to the vial to further dilute the product. For example, 0.5-mL or 1.5 mL PFNS can 
be added to a 2,500-unit vial for dilutions of 2,500 units/mL or 250 units/0. lmL and 
1,250 units/mL or 125 units/0. lmL, respectively. Alternately, a 5,000-unit vial can be 
further diluted with 1 mL or 3 mL PFNS, for resulting dilutions of 2,500 units/mL 
(250 units/0. lmL) or 1,250 units/mL (125 units/0. 1/mL). 

See Table 10.1 for BoNT dosage. 
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TABLE 10.1 BoNT for Focal Hand Dystonia; Injection Patterns 
(Adults >18 Years of Age) 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA (Dysport®) 

IBTA 

(Xeomin*) 

RBTB 

(Myobloc®) 

Notes 

U.S. FDA 
approval 

Currently 
not FDA 
approved 

Currently not FDA 
approved 

Currently 
not FDA 
approved 

Currently 
not FDA 
approved 


Approvals, 

other 

countries 

Currently 
not an 
approved 
indication 

Currently not an 
approved indication 

Currently 
not an 
approved 
indication 

Currently 
not an 
approved 
indication 


Published Dosage Range: Adults (>18 Years of Age) 

Writer's Cramp 

Average 
number 
of muscles 
injected 

3.1 


No published 
information 
on dose/ 
dosage range 

No 

published 
information 
on dose/ 

(189) 

Mean 
dose, first 
treatment 

session 

24.9 units 

82 units (range: 

20-178 units) 


dosage 

range 


Mean dose, 

repeat 

treatment 

session 

49.9 units 

142 units (range: 

0-280 units) 




Dosage 

range 

2.5-120 

units 

30-240 units 




Musician's Cramp 

Average 
number 
of muscles 
injected 

1.7 





(189) 

Mean dose 
(dose range): 


First Tx (units) 

Repeat 

Tx (units) 



(196) 

Shoulder 

muscles 


55 (40-70) 

55 (40-70) 




Forearm 

flexors 


56 (10-60) 

47.4 

(5-250) 




Forearm 

extensors 


34.6 (4-100) 

31.5 

(4-100) 




Hand 


22.4 (4-100) 

17.7 

(1.5-100) 




Mean total 

dosage 

(range) 


126.9 (5-420) 

112.2 

(3-1,000) 





Abbreviation : Tx, treatment. 
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General Principles 

When treating patients with IPFLD: 

• None of the available BoNT products is approved by regulatory agencies for the 
treatment of IPFLD and there are no published manufacturer data on the optimal 
starting dose per muscle or muscle fascicle or maximum dose when treating patients 
with IPFLD. 

• There are a limited number of studies published on the topic of BoNT dosage as a 
class and for individual BoNT products. Therefore, the optimal starting dose, mini- 
mal effective dose, and maximum dose for individual BoNT products are unknown. 

• The optimal starting, effective, and maximum dose of a given BoNT product when 
treating patients with IPFLD are likely patient-specific. This is due to variation in 
the pattern of dystonic movements, patient/muscle size, number of muscles/muscle 
fascicles involved, and severity of the problem. 

• Because of individual patient differences, recommendations for a specific starting 
and/or maximum dose must be interpreted with caution. Because of patient differ- 
ences, a starting/maximum dose range may be more appropriate. 

• When treating a neurotoxin-naive patient for IPFLD, most expert clinicians recom- 
mend starting with a lower dose and “underdosing” in most patients, particularly 
musicians or others presenting with focal hand dystonia. 

• The dose per muscle and the total dose of BoNT are much lower than those typically 
used when treating patients with generalized or segmental dystonia or patients with 
spasticity or secondary dystonia associated with upper motor neuron syndromes. 

• A lower dose per muscle and per fascicle is typically used when treating upper limb 
muscles compared with the dose used in lower limb muscles. This dosing differ- 
ence may be due to the larger size of lower limb muscles or because the precise 
movements and control required for hand movements require exquisite accuracy in 
dosing. 

• A lower dose per muscle and per fascicle is reported when treating patients with 
musician’s cramp/dystonia than those with writer’s cramp. 


OnabotulinumtoxinA (OBTA, Botox) 

The published dose range of OBTA for IPFLD is 2.5 to 120 units (14, 106, 189, 
200-202). For patients presenting with focal hand dystonia, higher doses are generally 
reported in writer’s cramp than in musician’s cramp. For more detailed dosing infor- 
mation, see the dosage tables in this chapter. 

AbobotulinumtoxinA (ABTA, Dysport) 

The published dose range for the treatment of writer’s cramp is 20 to 280 units (186, 
203). Kruisdijk et al. reported a mean starting dose of 82 units and a mean dose of 
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142 units at the second treatment session (186). For more detailed dosing information, 
see the dosage tables in this chapter. 

IncobotulinumtoxinA ( IBTA , Xeomin ) 

There are no published studies on dose or dose range for IBTA for the treatment of 
IPFLD. For more detailed dosing information, see the dosage tables in this chapter. 

RimabotulinumtoxinB (RBTB, Myobloc/NeuroBloc) 

There are no published studies on dose or dose range for RBTB for the treatment of 
IPFLD. For more detailed dosing information, see the dosage tables in this chapter. 

Clinical Effect 

The onset and duration of action of OBTA and IBTA, serotype A BoNTs are similar 
with the reported onset of effect at 3 to 7 days, peak effect at 4 to 6 weeks, and duration 
of effect approximately 12 weeks or 3 months for IBTA and 3 to 6 months for OBTA. 
The onset of action of ABTA is reported to be evident within 2 weeks of injection, with 
peak effect at 4 to 8 weeks, and duration of efficacy 10 to 16 weeks (194). 

Adverse Events/Side Effects 

The most common side effects or adverse events following BoNT injections for 
IPFLD are pain at injection site and weakness in the target muscle. Additional risks 
include xerostomia, dysphagia, and/or the risks listed in the manufacturer’s full pre- 
scribing information and the FDA-mandated boxed warning for all FDA-approved 
BoNT products. 



TABLE 10.2 BoNT for Focal Dystonia, Upper Limb Muscles: Shoulder/Elbow (Adults >18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

USA FDA approval 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


UK MHRA 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 


Published Dosage Range, Dilution 

Shoulder Girdle Muscles 

Deltoid: 

Starting dosage 
Published dosage 
range 

Injection sites 

5-50 units 

5-200 units 

1-3 

40-100 units 

1-2 

5-50 units 

1-2 

150-1,000 units 3 

1-2 

3 No published 
information on 
dosage. These 
ranges represent the 
dosage ranges used 
by the first author. 
b Published dosage 
range includes 
treatment of 
spasticity and focal 
dystonia. Consider 
lower dosage range 
for focal dystonia. 

Latissimus dorsi: 

Dosage range 

Injection sites 

20-100 units 

1-3 

80-400 units 

1-3 

20-100 units 

1-3 

1 50-1,000 units 3 

1-3 

Infraspinatus: 

Starting dosage 

Dosage range 

Injection sites 

5-40 units 

5-100 units 

1-3 

20-80 units 

20-1 50 units 

1-3 

5-20 units 

1-3 

1,000-3,000 units b 

1-3 

Pectoralis major: 

Starting dosage 

Dosage range 

Injection sites 

10-40 units 

10-200 units 

1-2 

40-100 units 

1-2 

10-40 units 

1-2 

150-1,000 units 3 

1-2 

Pectoralis minor: 

Dosage range 

Injection sites 

10-40 units 

1-2 

40-100 units 

1-2 

10-40 units 

1-2 

150-1,000 units 3 

1-2 


( continued ) 
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TABLE 10.2 BoNT for Focal Dystonia, Upper Limb Muscles: Shoulder/Elbow (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Rhomboids, major/ 
minor: 

Dosage range 

Injection sites 

25-20 units 

1 

20-80 units 

1 

5-20 units 

1 

150-500 units 8 

1 


Serratus anterior: 

Dosage range 

Injection sites 

5-10 units 

1-6 

20-80 units 

1-6 

5-10 units 

1-6 

100-500 units 8 

1-6 


Subscapularis: 

Dosage range 

Injection sites 

25-100 units 

1-3 

50-200 units 8 

1-3 

25-100 units 8 

1-3 

1,000-3,000 units b 

1-3 


Supraspinatus: 

Dosage range 

Injection sites 

5-20 units 

1-2 

20-80 units 

1-2 

5-20 units 

1-2 

1,000-3,000 units b 

1-2 


Teres major: 

Dosage range 

Injection sites 

5-100 units 

1-2 

20-1 50 units 

1-2 

5-40 units 

1-2 

1,000-3,000 units 

1-2 


Teres minor: 

Dosage range 

Injection sites 

5-100 units 

1-2 

20-80 units 

1-2 

5-40 units 

1-2 

1,000-3,000 units b 

1-2 


Trapezius: 

Starting dose 

Published dosage 
range 

Injection sites 

5-20 units 

40-100 units 

2-4 

20-80 units 

2-4 

5-20 units 

2-4 

50-1,000 units 

2-4 



( continued ) 
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TABLE 10.2 BoNT for Focal Dystonia, Upper Limb Muscles: Shoulder/Elbow (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Elbow Muscles 

Biceps brachii: 

Starting dose 

Dosage range 

Injection sites 

20-40 units 

20-150 units 

2-4 

60-100 units 

60-400 units 

2-4 

20-40 units 

20-100 units 

2-4 

1,000-3,000 units 3 

2-4 

3 Published dosage 
range includes 
treatment of 
spasticity and focal 
dystonia. Consider 
lower dosage range 
for focal dystonia. 
b No published 
information on 
dosage. These 
ranges represent the 
dosage ranges used 
by the first author. 

Brachialis: 

Starting dose 

Dosage range 

Injection sites 

10-30 units 

20-60 units 

1-2 

50-75 units 

50-200 units 

1-2 

10-30 units 

20-60 units 

1-2 

100-1,000 units b 

1-2 

Brachioradialis: 

Starting dose 

Dosage range 

Injection sites 

1 5-40 units 

15-100 units 

1-3 

1-3 

20-40 units 

20-100 units 

1-3 

500-3,750 units 3 

1-3 

Triceps brachii: 

Starting dose 

Dosage range 

Injection sites 

25-50 units 

25-120 units 

2-3 

75-100 units 

75-500 units 

2-3 

20-120 units 

2-3 

500-5,000 units 3 

2-3 


( continued ) 
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TABLE 10.2 BoNT for Focal Dystonia, Upper Limb Muscles: Shoulder/Elbow (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Dilution 

Reconstitute with 
(PFNS) (0.9%) 

100-unit vial 
with 1-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 2-mL PFNS 
(5 units/0.1 mL) 

300-unit vial with 

1.5- mL PFNS, or 

500 units with 

2.5- mL PFNS for a 
concentration of 

20 units/0.1 mL 

50-unit vial 
with 0.5-mL 

PFNS (10 units/ 

0.1 mL) or with 

1 mL (5 units/ 

0.1 mL) 

Comes in solution 

5,000 units/mL (no 
dilution required)' 

c lf desired, PFNS 
can be added for 
additional dilution. 
See Chapter 3. 

100-unit vial 
with 1 mL (10 
units/0.1 mL) 
or with 2 mL 
(5 units/0.1 mL) 

Adverse events 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain 
at injection 
site (see boxed 
warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 



Abbreviations: ABTA, abobotulinumtoxinA; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, 
rimabotulinumtoxinB . 

Sources: Refs. 185, 199, 487. 
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TABLE 10.3 BoNT for Focal Dystonia, Upper Limb Muscles: Forearm/Wrist (Adults >18 Years of Age) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysporf 8 ) 

IBTA 

(Xeomin*) 

RBTB 

(Myobloc®) 

Notes 

U.S. FDA approval 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


UK MHRA 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 


Published Dosage Range/Dilution: Adults (£18 Years of Age) 

Forearm/Wrist Muscles 

AbP longus: 
Starting dosage 
Dosage range 
Injection sites 

2.5- 5 units 

2.5- 20 units 

1 

10-20 units 

20-80 units 

1 

2.5-5 units 

5-20 units 

1 

50-30 units 8 

8 No published 
information 
on dosage. 

These ranges 
represent the 
dosage ranges 
used by the 
first author. 
b Published dose 
range includes 
treatment of 
spasticity and 
focal dystonia. 
Consider lower 
dose ranges for 
focal dystonia. 

FDS: 

Dosage 

Total dosage 
Injection sites 

2.5-10 units/fascicle 
2.5-10 units/fascicle 

1-4 

40-60 units/fascicle 
60-200 units 

1-4 

2.5-10 units/fascicle 
20-60 units 

1-4 

75-150 units/fascicle 
75-1,000 units b 

1-4 

FPL: 

Starting dosage 
Dosage range 
Injection sites 

2.5- 5 units 

2.5- 70 units 

1 

20-40 units 

20-80 units 

1 

2.5- 5 units 

2.5- 20 units 

1 

75-150 units 

75-1,000 units b 

1 

Palmaris longus: 
Starting dosage 
Dosage range 
Injection sites 

5-20 units 

5-60 units 

1-2 

20-40 units 

20-60 units 

1-2 

5-20 units 

5-60 units 

1-2 

100-500 units 8 


( continued ) 
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TABLE 10.3 BoNT for Focal Dystonia, Upper Limb Muscles: Forearm/W rist (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport*) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Pronator teres: 
Starting dosage 
Dosage range 
Injection sites 

10-15 units 

10-70 units 

1-2 

40 units 

40-100 units 

1-2 

10-15 units 

10-30 units 

1-2 

1 50-500 3 

1 50-2, 500 b 

1-2 


Pronator 

quadratus: 

Starting dosage 
Dosage range 
Injection sites 

5-10 units 

5-30 units 

1-2 

20-40 units 

20-80 units 

1-2 

10-15 units 

5-20 units 

1-2 

100-250 units 

150-2,500 units b 

1-2 

Supinator: 

Starting dosage 
Dosage range 
Injection sites 

5-10 units 

5-60 units 

1-2 

10-50 units 

20-100 units 

1-2 

5-10 units 

5-30 units 

1-2 

50-300 units b 

1-2 

Dilution 

100-unit vial 
with 1-mL PFNS 
(10 units/0.1 mL) 
or with 2-mL PFNS 
(5 units/0.1 mL) 

300-unit vial with 

1.5-mL PFNS or 500 
units with 2.5-mL PFNS 
for a concentration of 
20 units/0.1 mL 

50-unit vial with 

0.5-mL PFNS 
(concentration: 10 units/ 
0.1 mL) or with 1-mL 

PFNS (5 units/0.1 mL) 

Comes in solution 

5,000 units/mL (no 
dilution required) 3 

'If desired, PFNS 
can be added 
for additional 
dilution. See 
Chapter 3. 

100-unit vial with 1-mL 
PFNS (concentration: 

10 units/0.1 mL) or with 
2-mL PFNS (5 units/0.1 mL) 

Adverse events 

Weakness, pain at 
injection site (see boxed 
warning for others) 


Weakness, pain at 
injection site (see boxed 
warning for others) 

Weakness, pain at 
injection site (see boxed 
warning for others) 



Abbreviations: AbP, abductor pollicis; ABTA, abobotulinumtoxinA; IBTA, incobotulinumtoxinA; FDS, flexor digitorum superficial^ ; FPL, flexor pollicis longus; OBTA, 
onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, rimabotulinumtoxinB. 

Sources: Refs. 14, 96, 185-187, 189, 196, 199, 200, 201, 203. 
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TABLE 10.4 BoNT for Focal Dystonia, Upper Limb: Intrinsic Hand Muscles (Adults >18 Years of Age) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

U.S. FDA approval 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


UK MHRA 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 


Published Dosage Range: Adults (>18 Years of Age) 

AbPB, AbDM, 

AdPB: 

Starting dosage 
Dosage range 
Injection sites 

2.5 units 

2.5-10 units 

1 

10-20 units 

10-40 units 

1 

2.5 units 

2.5-10 units 

1 

20-50 units 3 

1 

3 No published 
information on dosage. 
These ranges represent 
the dosage ranges used 
by the first author. 

Interossei (dorsal 
and palmar): 
Dosage 

Dosage range 

2.5-5 units/fascicle 
10-50 units 

10-20 units/fascicle 

2.5-5 units/fascicle 

10-50 units/fascicle 

FPB: 

Starting dosage 

1.25-5 units 

10-20 units 

1.2-5 units 

25-50 units 

Lumbricals: 

Dosage 

Injection sites 

2.5-5 units/fascicle 
One per fascicle 

10-20 units/fascicle 

One per fascicle 

2.5-5 units/fascicle 
One per fascicle 

10-50 units/fascicle 
One per fascicle 

ODM: 

Dosage range 
Injection sites 

2.5-5 units 

1 

10-20 units 

1 

2.5-5 units 

1 

20-50 units 3 

1 


(continued) 
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TABLE 10.4 BoNT for Focal Dystonia, Upper Limb: Intrinsic Hand Muscles (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Opponens pollicis: 
Dosage range 
Injection sites 

2.5-10 units 

1 

10-40 units 

1 

2.5-10 units 

1 

10-50 units 3 

1 


Palmaris brevis: 
Dosage range 
Injection sites 

2.5 units 

1-3 

10 units 

1-3 

5-20 units 

1-3 

20-50 units 3 

1-3 


Dilution 

100-unit vial 
with 1-mL PFNS 
(concentration: 

10 units/0.1 mL) 

300-unit vial with 1.5-mL 
PFNS or 500 units with 2.5- 
mL PFNS for concentration 
of 20 units/0.1 mL 

50-unit vial with 
0.5-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 1-mL PFNS 
(5 units/0.1 mL) 

Comes in solution 
5,000 units/mL (no 
dilution required) 11 

b May be diluted with 

PFNS if desired. 


100 units with 

2-mL PFNS (5 
units/0.1 mL) 


100-unit vial 
with 1-mL PFNS 
(concentration 

10: units/0.1 mL) 
or with 2-mL PFNS 
(5 units/0.1 mL) 



Adverse events 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at injection 
site (see boxed warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 



Abbreviations: AbDM, abductor digiti minimi; AbPB, abductor pollicis brevis; ABTA, abobotulinumtoxinA; AdPB, adductor pollicis brevis; AbPL, abductor pollicis 
longus; FPB, flexor pollicis brevis; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; ODM, opponens digiti minimi; PFNS, preservative-free normal saline 
(0.9%); RBTB, rimabotulinumtoxinB. 

Sources: Refs. 14, 96, 105, 106, 185-187, 189, 195, 196, 199, 200-203, 238. 
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TABLE 10.5 BoNT for Focal Dystonia, Lower Limb: Hip/Thigh Muscles (Adults >18 Years of Age) 


BoNT Preparation 

OBTA 

(Botox*) 

ABTA 

(Dysport*) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

U.S. FDA approval 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


UK MHRA 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 


Published Dosage Range: Adults (>18 Years of Age) 

Adductor brevis: 

Dosage range 

Injection sites 

20-80 units 

1-2 

50-300 units 

1-2 

20-80 units 

1-2 

100-1,000 units 3 

3 No published 
information on 
dosage. These 
ranges represent 
the dosage ranges 
used by the first 
author. 

b Published dose 
range includes 
treatment of 
spasticity and focal 
dystonia. Consider 
lower dose range 
for focal dystonia. 

Adductor longus: 

Dosage range 

Injection sites 

20-100 units 

1-3 

50-400 units 

1-3 

20-100 units 

1-3 

100-1,000 units 3 

Adductor magnus: 
Dosage range 

Injection sites 

30-150 units 

1-3 

100-500 units 

1-3 

30-150 units 

1-3 

100-1,500 units 3 

Gluteus maximus: 

Dosage range 

Injection sites 

40-100 units 

1-2 

140-400 units 

1-3 

40-100 units 

1-3 

100-1,500 units 3 

Gluteus medius and 
minimus: 

Dosage range 

Injection sites 

20-60 units 

1-2 

70-200 units 

1-2 

20-60 units 

1-2 

100-1,000 units 3 

Gracilis: 

Dosage range 

Injection sites 

20-60 units 

1-3 

50-200 units 

1-3 

20-50 units 

1-3 

100-750 units 3 


( continued ) 
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TABLE 10.5 BoNT for Focal Dystonia, Lower Limb: Hip/Thigh Muscles (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

lliacus: 

Dosage range 

Injection sites 

50-150 units 3 

1-2 

75-300 units 3 

1-2 

50-100 units 3 

1-2 

100-1,000 units 3 


Iliopsoas: 

Dosage range 

Injection sites 

25-200 units 

1-3 

100-700 units 

1-3 

25-200 units 

1-3 

100-1,500 units 3 

1-3 


Pectineus: 

Dosage range 

Injection sites 

20-50 units 

1 

80-180 units 

1 

20-50 units 

1 

100-750 units 3 

1 


Sartorius: 

Dosage range 

Injection sites 

10-40 units 

1-2 

40-140 units 

1-2 

10-40 units 

1-2 

100-500 units 3 

1-2 


Tensor fasciae latae: 
Dosage range 

Injection sites 

20-40 units 

1-2 

80-300 units 

1-2 

20-40 units 

1-2 

100-750 units 3 

1-2 


Thigh Muscles 

Hamstrings: 

Biceps femoris 

Semimembranosus 

Semitendinosus 

Injection sites 

40-140 units 

20-100 units 

20-80 units 

1-3 per muscle 

100-500 units 

80-400 units 

60-300 units 

1-3 per muscle 

40-140 units 

20-100 units 

20-80 units 

1-3 per muscle 

Medial hamstrings: 
2,500-7,500 units b 
Lateral hamstrings: 
2,500-7,500 units b 

1-3 per muscle 



( continued ) 
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TABLE 10.5 BoNT for Focal Dystonia, Lower Limb: Hip/Thigh Muscles (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox*) 

ABTA 

(Dysport*) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Quadriceps femoris 
components: 

Rectus femoris 

Vastus intermedius 

Vastus lateralis 

Vastus medialis 

Injection sites 

20-100 units 

20-80 units 

20-80 units 

20-80 units 

1-3 per muscle 

50-400 units 

50-300 units 

50-300 units 

50-300 units 

1-3 per muscle 

50-100 units 

20-80 units 

20-80 units 

20-80 units 

1-3 per muscle 

1,000-5,000 units, 
divided among all 
four muscles b 

1-3 per muscle 


Dilution 

100-unit vial 
with 1-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 2-mL PFNS 
(5 units/0.1 mL) 

300-unit vial with 

1.5- mL PFNS or 

500 units with 

2.5- mL PFNS for 
concentration of 

20 units/0.1 mL 

50-unit vial with 
0.5-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 1-mL PFNS 
(5 units/0.1 mL) 

Comes in solution 
5,000 units/mL (no 
dilution required)' 

'May be diluted 
with PFNS if desired. 




100-unit vial 
with 1-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 2-mL PFNS 
(5 units/0.1 mL) 



Adverse events 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 



Abbreviations: ABTA, abobotulinumtoxinA; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, 
rimabotulinumtoxinB . 

Sources: Refs. 96, 178, 199, 488. 
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TABLE 10.6 BoNT for Focal Dystonia, Lower Limb Muscles: Calf/Foot Intrinsic Muscles (Adults >18 Years of Age) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

U.S. FDA approval 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


UK MHRA 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 

Currently 

not an approved 

indication 


Published Dosage Range: Adults (>18 Years of Age) 

EDL: 

Dosage range 
Injection sites 

5-30 units 

1-2 

20-140 units 

1-2 

5-30 units 

1-2 

100-500 units 3 

1-2 

3 No published 
information on dosage. 
These ranges represent 
the dosage ranges used 
by the first author. 
b Published dose range 
includes treatment of 
spasticity and focal 
dystonia. Consider lower 
dose range for focal 
dystonia. 

EHL: 

Starting dosage 
Dosage range 
Injection sites 

20-40 units 

20-60 units 

1-2 

80-140 units 

1-2 

20-40 units 

1-2 

100-1,500 units b 

1-2 

Fibularis brevis: 
Starting dosage 
range 3 

Injection sites 

5-20 units 3 

1 

20-40 units 3 

1 

5-20 units 3 

1 

50-500 units 3 

1 

Fibularis longus: 
Dosage range 
Injection sites 

5-40 units 

1-2 

20-100 units 

1-2 

5-40 units 

1-2 

100-1,000 units 3 

1-2 

FDL: 

Starting dosage 
Dosage range 
Injection sites 

10-40 units 

10-125 units 

1-2 

80-200 units 

1-2 

10-40 units 

1-2 

500-3,000 units 

1-2 


( continued ) 
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TABLE 10.6 BoNT for Focal Dystonia, Lower Limb Muscles: Calf/Foot Intrinsic Muscles (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

FHL: 

Dosage range 
Injection sites 

20-1 25 units 

1-2 

80-200 units 

1-2 

20-40 units 

1-2 

100-1,000 units 3 

1-2 


Gastrocnemius: 
Dosage range 
Injection sites 

20-100 units 

1-3 per head 

80-200 units 

1-3 per head 

20-100 units 

1-3 per head 

1,000-3,000 units 
1-3 per head 

Consider higher doses in 
the medial gastrocnemius, 
which is generally larger. 

Soleus: 

Starting dosage 
Dosage range 
Injection sites 

20-50 units 

20-200 units 

2-4 

80-300 units 

2-4 

20-80 units 

2-4 

1,000-2,500 units 3 
2-4 

Published dose range 
includes treatment of 
spasticity and focal 
dystonia. Consider lower 
dose ranges for focal 
dystonia. 

b No published information 
on dosage. These ranges 
represent the dosage 
ranges used by the first 
author. 

Tibialis anterior: 
Starting dosage 
Dosage range 
Injection sites 

20-80 units 

20-150 units 

1-3 

80-100 units 

80-300 units 

1-3 

20-40 units 

20-80 units 

1-3 

1,000-5,000 units 3 
1-3 

Tibialis posterior: 
Starting dosage 
Dosage range 
Injection sites 

20-50 units 

20-350 units 

1-3 

50-75 units 

50-200 units 

1-3 

20-80 units 

1-3 

1,000-7,500 units 3 
1-3 


( continued ) 
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TABLE 10.6 BoNT for Focal Dystonia, Lower Limb Muscles: Calf/Foot Intrinsic Muscles (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Intrinsic Foot Muscles 

AbH, AdH: 

Starting dosage 
Dosage range 
Injection sites 

5-20 units 

5-80 units 

1 

20-80 units 

1 

5-20 units 

1 

100-500 units b 

1-2 

Published dose range 
includes treatment of 
spasticity and focal 
dystonia. Consider lower 
dose range for focal 
dystonia. 
b No published 
information on dosage. 
These ranges represent 
the dosage ranges used 
by the first author. 

EDB, FHB: 

Dosage range 
Injection sites 

5-30 units 

1-2 

20-100 units 

1-2 

5-30 units 

1-2 

100-500 units b 

1-2 

FDB: 

Starting dosage 
Dosage range 
Injection sites 

10-50 units 

10-120 units 

1-3 

40-400 units 

1-3 

10-100 units 

1-3 

150-750 units b 

1-3 

FDMP: 

Dosage range 
Injection sites 

5-20 units 

1-2 

20-80 units 

1-2 

5-20 units 

1-2 

100-500 units b 

1-2 

Interossei/ 

lumbricals: 

Dosage range 

Injection sites 

5-10 units/muscle 
belly 

1 per muscle belly 

1- 3 for interossei 

2- 4 for lumbricals 

20-40 units/muscle belly 

1 per muscle belly 

1- 3 for interossei 

2- 4 for lumbricals 

5-10 units/muscle 
belly 

1 per muscle belly 

1- 3 for interossei 

2- 4 for lumbricals 

75-100 units/ 
muscle belly b 

1 per muscle belly 

1- 3 for interossei 

2- 4 for lumbricals 


( continued ) 
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TABLE 10.6 BoNT for Focal Dystonia, Lower Limb Muscles: Calf/Foot Intrinsic Muscles (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Quadratus 

plantae: 

Dosage range 
Injection sites 

5-20 units 

1-2 

20-80 units 

1-2 

5-20 units 

1-2 

100-500 units b 

1-2 


Dilution 

100-unit vial 
with 1-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 2-mLPFNS 
(5 units/0.1 mL) 

300-unit vial with 1 .5-mL 
PFNS or 500 units with 

2. 5-mL PFNS for 
concentration of 

20 units/0.1 mL 

50-unit vial with 
0.5-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 1-mL PFNS 
(5 units/0.1 mL) 

Comes in solution 
5,000 units/mL (no 
dilution required)' 

'May be diluted with 

PFNS if desired. 




100-unit vial 
with 1-mL PFNS 
(concentration: 

10 units/0.1 mL) 
or with 2-mL PFNS 
(5 units/0.1 mL) 



Adverse events 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at 
injection site (see boxed 
warning for others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 

Weakness, pain at 
injection site (see 
boxed warning for 
others) 



Abbreviations: AbH, abductor halluces; ABTA, abobotulinumtoxinA; AdH, adductor halluces; EDB, extensor digitorum brevis; EDL, extensor digitorum longus; EHL, 
extensor hallucis longus; FDB, flexor digitorum brevis; FDL, flexor digitorum longus; FDMP, flexor digiti minimi pedis; FHB, flexor hallucis brevis; FHL, flexor 
hallucis longus; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, rimabotulinumtoxinB. 

Sources: Refs. 96, 178, 195, 199, 238, 489, 490. 
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Botulinum Neurotoxin for 
Treatment of Muscle Overactivity 
Associated with Upper Motor 
Neuron Syndromes 
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Condition 

A wide range of conditions or injuries affecting the central nervous system (CNS) can 
lead to muscle overactivity as part of a constellation of sensorimotor signs or symp- 
toms collectively referred to as the upper motor neuron syndrome (UMNS). Lance 
described the positive and negative signs associated with UMNS. Negative signs 
associated with UMNS include weakness, loss of selective motor control or dexterity, 
and impaired sensory perception (204, 205). Positive signs include hyperreflexia, 
pathological reflexes, spasms, and muscle hypertonia (e.g., spasticity, dystonia, 
rigidity) (204-206). 
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UMNS-related muscle overactivity or hypertonia is one of the most common 
problems leading to a referral for chemodenervation procedures, including botulinum 
neurotoxin (BoNT) injections. In adult patients, the most common causes of UMNS 
are stroke, traumatic brain injury (TBI), cerebral palsy (CP), spinal cord injury (SCI), 
and multiple sclerosis (MS). In the pediatric population, CP, resulting from injury to 
or a lesion in the developing brain, is the most common cause of UMNS. Hypertonia 
is also seen in pediatric patients following SCI, TBI, stroke, and in association with 
myelodysplasia, hereditary spastic paraplegia, inherited/genetic metabolic/neurologic 
disorders, and other conditions (207, 208). 

Hypertonia is the net result of complex changes in reflex activity in upper motor 
neuron (UMN) lesions, the effects of which are not fully understood. It is known 
that changes occur in the CNS in monosynaptic and polysynaptic pathways at both 
the segmental level and in descending inhibitory input from higher cortical centers 
(208-210). The resulting loss of inhibition leads to a net increase in alpha motor 
neuron excitability and resulting muscle hypertonia (211). 

As noted previously, the signs and symptoms of UMNS include both positive 
(hypertonia, hyperreflexia) and negative symptoms (weakness, loss of selective motor 
control) (125, 207). The full impact of UMNS is due to a combination of these positive 
and negative symptoms, as well as rheological changes such as contracture, fibrosis, 
and atrophy (212). Types of muscle hypertonia include spasticity, spastic dystonia, 
dystonia, spasms, and stiffness. 

The most common forms of muscle overactivity seen in patients with UMNS 
are spasticity and dystonia and many patients present with a combination of spasticity 
and dystonia. Spasticity is defined as a velocity-dependent increase in tonic stretch 
reflexes (204-206, 213). During assessment on physical exam, spasticity will be per- 
ceived as increased resistance to stretch as the velocity of stretch increases. Typically, 
during rapid stretch, a “spastic catch” will be felt by the clinician, but may be obscured 
if the patient has combined spasticity/dystonia. Dystonia is a movement disorder char- 
acterized by involuntary postures or sustained movements that often have a twisting 
quality. Dystonia may be associated with hypertonia and be either hyperkinetic or 
hypokinetic (213). 

Clinical Pearl 

Spasticity will be “felt” on the physical exam (as a spastic catch), whereas dystonia 
may be “seen” when the patient is observed as he or she attempts to move or at times 
when the patient is apparently “at rest.” In addition to increasing with voluntary move- 
ment attempts, dystonia often increases if a patient talks, is in pain, or is excited or 
agitated. 

Clinical/F unctional Impact 

Any or all the preceding forms of hypertonia may cause discomfort/pain, joint deform- 
ity, lead to contractures, contribute to skin breakdown, and affect quality of life, activi- 
ties of daily living (ADLs), mobility, and other function in patients with UMNS. 
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However, these impairments are only one aspect of the UMNS and may change over 
time (125, 126). 

In pediatric patients, the symptoms caused by a static UMN lesion combined 
with ongoing linear growth and disuse often lead to progressive musculoskeletal con- 
sequences (muscle shortening, contractures, limb/joint deformity) (207, 214). 


Pattern of Involvement 

Although each patient presents with a unique combination of UMNS motor 

impairments, there are some commonalities and pattern of muscle overactivity. For 

example: 

1. Poststroke upper limb spasticity (ULS)/dystonia: The most common upper limb 
pattern/posture is shoulder adduction/internal rotation, elbow flexion, forearm 
pronation, and wrist and/or finger flexion. Muscles typically involved include 
the pectoralis major, latissimus dorsi, teres major, subscapularis, biceps, bra- 
chialis, brachioradialis, pronators teres/quadratus, flexor carpi radialis (FCR), 
flexor carpi ulnaris (FCU), flexor digitorum profundus (FDP), flexor digitorum 
superficialis (FDS), flexor pollicis longus (FPL), and the lumbricals. 

2. Poststroke lower limb spasticity (LLS)/dystonia: In the lower limb, ankle plantar 
flexion, equinovarus foot, and toe flexion are common. A flexed hip, flexed knee, 
stiff knee/limited knee flexion, and thigh adduction may also be seen. Commonly 
affected muscles include the gastrocnemius, soleus, posterior tibialis, flexor digito- 
rum longus (FDL), flexor hallucis longus (FHL), extensor hallucis longus (EHL), 
flexor digitorum brevis (FDB), flexor hallucis brevis (FHB), and possibly the hip 
adductors, hamstrings, and quadriceps. 

3. CP, spastic diplegia: In young patients (2-4 years of age) with spastic diplegia, 
ankle plantar flexion with or without equinus is the most common pattern, 
with involvement of the plantar flexors, invertors, and toe flexors (gastrocnemius 
and/or soleus, FDL, tibialis posterior, tibialis anterior). In older, school-age 
children, in addition to the calf muscles, the hamstrings are typically involved. In 
patients with quadriplegia, lower limb involvement typically affects the hip flexors, 
adductors, and quadriceps, in addition to many of the muscles mentioned earlier. 

4. CP, quadriplegia: Bilateral upper and lower limb involvement is seen and tone is 
often asymmetric. Adduction/internal rotation at the shoulder with elbow wrist and 
finger flexion is common in the upper limbs. Hip flexion, adduction, knee flexion, 
and ankle plantar flexion is common in the lower limbs. 


Evaluation 

Evaluation of a patient with UMNS-related muscle overactivity starts with a his- 
tory and physical examination. If the causes of the patient’s symptoms/findings 
on physical examination are not known, the cause must be established prior to 
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proceeding with treatment. UMNS is a clinical diagnosis that is supported by the 
findings (or absence of findings) from various diagnostic evaluations. Workup is 
determined largely by the patient’s history and physical examination and may 
require testing including CNS imaging, electrodiagnostic testing, or other evalu- 
ations. A full discussion of the workup of UMNS is beyond the scope of this 
chapter and readers are referred to review articles and texts on this topic (208, 
211, 215). 

Prior to initiating any treatment, a detailed patient evaluation of sensorimotor 
impairments, including hypertonia, as well as function is required. The assessment 
of the impact of the patient’s hypertonia on his or her active and passive function 
and quality of life will identify problematic muscle groups and will direct selection 
of the most appropriate treatment and aftercare (17, 18, 207, 216). As a part of 
treatment planning, the physician, patient, and/or family and caregivers should 
collectively identify realistic treatment goals. Patients and families frequently focus 
on the impact of hypertonia/muscle stiffness/pain/spasms and fail to recognize 
the impact of other UMNS-related impairments (sensory loss, weakness, loss of 
selective motor control). To avoid unrealistic expectations related to treatment, it is 
critical that the physician and medical team educate patients and families about all 
the impairments associated with UNMS. 

Evaluation of Muscle Overactivity/Hypertonia 

Evaluation of muscle hypertonia includes a complete examination including the skin, 
musculoskeletal, and neurologic systems. The most commonly used hypertonia evalu- 
ation scales used for the assessment of patients with UMNS, are the Ashworth and 
Modified Ashworth Scales (AS and MAS, respectively) and the Tardieu or Modified 
Tardieu (217). Each of these scales has limitations, but their use provides some objec- 
tive documentation of spasticity and the response to treatment (218). The Modified 
Tardieu Scale is used extensively by pediatric physicians/therapists and has the advan- 
tage of evaluating the effect of velocity on the patient’s tone (219) (see Appendix 6). 
Other scales used for the assessment of impact of spasticity on a patient’s functional 
status include the Barthel Index and the Functional Independence Measure (FIM) 
(220,221). 

The Hypertonia Assessment Tool (HAT) is a scale that discriminates 
among spasticity, dystonia, and rigidity. The HAT can easily be incorporated into 
a physical examination or performed by a therapist (222). In addition to evaluation 
of tone, evaluation of passive and active range of motion (ROM) and of motor 
control is critical. Various motor control assessment tools are available includ- 
ing the Selective Control Assessment of the Lower Extremity (SCALE) and 
the Shriner’s Hospital Upper Extremity Evaluation (SHUEE) (223, 224). 
For reasonable goal setting related to hypertonia management. Goal Attainment 
Scaling is recommended by many physicians, therapists, and researchers 
(207, 225). 



CHAPTER 11: BoNT FOR MUSCLE OVERACTIVITY ASSOCIATED WITH UMNS ■ 125 


Treatment 

Adequate assessment of the severity, scope, and impact of hypertonia on the patient’s 
function and quality of life will direct treatment selection. Not all patients with hyperto- 
nia require treatment of their muscle overactivity. Some patients, because of associated 
weakness, use spasticity functionally to assist in transfers and other tasks. Treatment 
of hypertonia is only necessary when it causes symptoms or problems such as pain or 
ROM limitations, and affects quality of life, ADLs, mobility, or other functional tasks 
(17, 207, 226). 

Nonpharmacologic Treatment Options 

Nonpharmacologic treatment options include reducing noxious stimuli, positioning, 
splinting, and ROM exercises. Pharmacologic and surgical treatment options include 
oral medications, chemodenervation procedures, and surgery (orthopedic, baclofen 
pump, deep brain stimulation). During the course of their lives following an UMN 
injury, adult and pediatric patients may benefit from multiple treatment options, 
including nonpharmacologic treatment, oral medications, injectable agents (BoNT, 
phenol blocks), and/or surgery (17, 1 17, 118, 227, 228). A full discussion of all these 
modalities is beyond the scope of this chapter and the reader is referred to several 
review articles on this topic (17, 1 19, 208, 226, 229). 


BoNT for Treatment of Muscle Hypertonia 

There are numerous scholarly articles, reviews, controlled trials, and case series sup- 
porting the efficacy and safety of BoNT as a therapy for adult and pediatric spasticity. 
BoNT therapy is widely used to treat hypertonia associated with UMNS, including 
stroke, TBI, SCI, and CP (86, 230, 231). BoNT has been used successfully in patients 
with localized and regional muscle overactivity and it may also be helpful in patients 
with generalized spasticity if treatment goals are correctly selected. 


FDA-Approved BoNTs for the Treatment of Spasticity 

At the time of publication, onabotulinumtoxinA (OBTA, Botox®) is the only BoNT 
product available in the United States that has Food and Drug Administration (FDA) 
approval for the treatment of spasticity (ULS in adult patients aged 18 years or older). 
The approved muscles are as follows: biceps (Bi), FCR, FCU, FDP, and flexor digito- 
rum sublimis/superficialis (FDS). Treatment of spasticity involving other upper limb 
muscles or LLS in adults is off-label for all the FDA-approved BoNT products. 

Treatment of pediatric patients less than 1 8 years of age is also currently off-label 
in the United States for all FDA-approved BoNT products (OBTA, abobotulinumtox- 
inA [ABTA, Dysport®], incobotulinumtoxinA [IBTA, Xeomin®], and rimabotulinum- 
toxinB [RBTB, Myobloc®/NeuroBloc®]) (34, 36, 38, 44). 
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Approvals Outside of the United States 

OBTA and ABTA are approved for the treatment of spasticity in adults and pediatric 
patients with CP (more than 2 years of age) in many countries outside the United 
States, including Canada, the United Kingdom, Europe, Australia, and New Zealand. 
Xeomin is approved in many countries outside the United States for the treatment of 
spasticity associated with ULS and LLS in adults (18 years of age or older). 

Level of Evidence for BoNT for the Treatment of UMNS Muscle 
Overactivity: Adults 

Esquenazi et al. (214): This is a 2013 review article using the American Academy of 
Neurology (AAN) Classification of Quality of Evidence for Clinical trials (138) to 
evaluate the evidence from published studies of BoNT for the treatment of spasticity 
in adults. 

• ULS/adults: The authors concluded that there was sufficient evidence from 
Class I trials for a Level A recommendation (Established as effective) for the use of 
OBTA and ABTA. For 1BTA, the authors concluded that there was sufficient evi- 
dence to support a Level B recommendation (Probably effective). They reported that 
the current evidence is insufficient (Level U, Unestablished or unproven) to support 
a recommendation for RBTB. 

• LLS: Although there are fewer studies evaluating BoNT for LLS, the authors con- 
cluded that there was sufficient evidence to support a Level A recommendation for 
OBTA individually and for serotype A BoNTs in aggregate. A Level C recommenda- 
tion (Possibly effective) was given for ABTA, based on the evidence from current 
trials, and a Level U recommendation was reported for both 1BTA and RBTB due to 
insufficient evidence to support a higher recommendation. 

Teasell et al. (527): The authors reviewed the evidence for poststroke upper and LLS 
(see also www.ebsr.com). 

• Upper limb: There was strong Level la evidence that BoNT either alone or in com- 
bination with physical therapy decreases spasticity, but it was unclear whether the 
improvements were sustained or improved function or quality of life. There was 
moderate Level lb evidence that intra-articular injections do not improve pain or 
passive ROM in the hemiplegic shoulder. In addition, there was conflicting Level IV 
evidence that BoNT injections in the subscapularis muscle reduce pain and improve 
passive ROM of the shoulder. 

• Lower limb: There was strong Level la evidence that BoNT decreases spasticity, 
but conflicting Level IV evidence that BoNT injections improve function. In addi- 
tion, there was strong Level la evidence that electrical stimulation (e-stim) combined 
with BoNT, reduces spasticity in the upper/lower limbs, but conflicting Level IV 
evidence that reduced tone improved function. 
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Level of Evidence for BoNT for the Treatment of Pediatric UMNS Muscle 
Overactivity 

Novak et al. (257): In a systematic review of evidence of treatments/interventions for 
children with CP, Novak et al. concluded that BoNT injections were effective at 
reducing muscle spasticity and should be considered for children with CP. 

Esquenazi et al. (510): An international panel of experts reviewed the evidence for 
BoNT for the treatment of neurological impairments. In reviewing pediatric studies, 
the authors concluded that there was sufficient evidence to support a Level A rec- 
ommendation (Established as effective) for BoNT as effective at reducing LLS and 
sialorrhea. The authors reported a Level B recommendation (Probably effective) for 
BoNT effectiveness in reducing ULS and a Level U recommendation (Unestablished 
or unproven) for BoNT effectiveness at reducing spasticity in neck muscles. 


2010 Practice Parameter AAN/ Child Neurology Society 

The authors concluded that there was sufficient Level I evidence to support a recom- 
mendation that serotype A BoNT is effective in reducing spasticity. Due to insufficient 
evidence, the authors reported a Level U recommendation for serotype B BoNT, phe- 
nol, or alcohol blocks (232). 

Note: The majority of studies and evidence related to BoNT in pediatric UMNS 
spasticity is in patients with CP. The evidence from these studies may or may not be 
generalizable to UMNS from other causes. 

Injection Pattern/Technique 

Injections of BoNT for spasticity require localization of the target muscle. Physicians 
who perform BoNT procedures must have extensive knowledge of functional, sur- 
face, and cross-sectional anatomy. Expertize with palpation and procedural skills 
is also required. The injection pattern and the dose/muscle are determined by the 
patient’s clinical presentation (i.e., muscles involved, severity of the hypertonia, and 
functional goals). 

Many, if not most, physicians who perform BoNT procedures to treat muscle 
overactivity use either electromyography (EMG), e-stim, B-mode ultrasound (US), or a 
combination of these techniques for muscle targeting (18, 156). Each localization tech- 
nique has advantages and disadvantages, and for specifics, the reader is referred to the 
chapter comparing localization techniques in this text. Although studies suggest that 
EMG, US, or e-stim are superior to palpation alone, the superiority of one localization 
technique over another has not been established. Additional research with head-to-head 
comparison trials is required to establish the superiority of one technique over another. 

Some clinicians also advocate injecting BoNT near the motor point of the target 
muscle (212, 233). Additional research is required to determine whether this technique is 
superior and leads to better outcomes, a lower required dose, and reduced adverse events. 
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Number of Injection Sites 

When performing BoNT injections for UMNS-related muscle overactivity, the number 
of injection sites is determined by the size of the muscle and the dose/volume of the 
injectate. A single injection site may be sufficient when a small muscle is injected. 
Multiple injections are typically performed for large or long muscles or when a large 
dose or volume is injected. Multiple injection sites are often used to reduce the poten- 
tial for local spread of BoNT to nontargeted muscles or to distant sites. To avoid mul- 
tiple skin penetrations, many clinicians will redirect the needle to several sites within 
the muscle(s) (redirecting the needle in the subcutaneous space, not in the muscle 
itself), such as is performed during needle EMG evaluation of muscles. This allows 
the BoNT to be distributed into several sites in the muscle with a single skin penetra- 
tion (18, 156). 


Dosage of BoNT for UMNS Muscle Overactivity 

The dosage of BoNT is product specific, including the starting, retreatment, and maxi- 
mum recommended dose. Detailed information related to dosing is provided in the 
manufacturer’s full prescribing information (PI) and product labels, albeit only for 
approved indications. There are numerous published studies on the topic of BoNT for 
UMNS-related spasticity. Many of these studies report only the total BoNT dose/treat- 
ment session and possibly the number of muscles injected, but unfortunately not the 
individual dose per muscle. 

When treating patients with muscle overactivity, selecting the correct dose of 
BoNT depends on a number of other factors: 

• The individual BoNT product to be used. 

• The cause of a patient’s muscle overactivity. For example, effective treatment of 
spasticity associated with UMNS generally requires higher doses of BoNT than that 
required when treating patients with focal dystonias. The dose also varies by UMNS 
condition (Figures 11.1 and 11.2) (207, 234). 

• There is a significant variation in response to BoNT from patient to patient with 
some patients being more sensitive (i.e., requiring a lower dose to obtain the desired 
effect). Because of this variation, physicians should consider a conservative dose per 
muscle and total dose in toxin-naive patients. After observing the patient’s response, 
the dose per muscle and total dose can then be increased incrementally over a series 
of treatment sessions (125, 126, 207, 235, 236). 

• When treating patients with spasticity, the goal is to use the lowest dose of BoNT that 
provides adequate muscle relaxation to achieve the goals set during treatment planning. 
In general, larger doses of BoNT are used in patients with severe spasticity, in large 
muscles, and when passive functional goals are selected (125, 126, 235, 236). Fower 
doses are often required for smaller muscles and milder spasticity. 

• In some patients with severe spasticity or dystonia, physicians may recommend 
combined therapy with BoNT and phenol (or alcohol) nerve or motor-point blocks. 



CHAPTER 11: BoNT FOR MUSCLE OVERACTIVITY ASSOCIATED WITH UMNS ■ 129 


FIGURE 11.1 Distribution of injected muscles. SA, shoulder adductor; D, deltoid; 
PM, pectoralis major; BB, biceps brachii; TB, triceps brachii; BR, brachioradialis; B. 
brachialis; PT, pronator teres; FDS, flexor digitorum superficialis; FDP, flexor. From 
Ref. 234. Phadke CP, Davidson C, Ismail F, Boulias C. The effect of neural lesion type 
on botulinum toxin dosage: a retrospective chart review. PM R. 2014;6(5):406-41 1. 
Reprinted with permission from Elsevier. 



FIGURE 11.2 Differences in toxin dosage in leg muscles between CP, MS, and stroke 
populations. * Significantly different (P < 0.05); kg = kilogram. From Ref. 234. Phadke 
CP, Davidson C, Ismail F, Boulias C. The effect of neural lesion type on botulinum 
toxin dosage: a retrospective chart review. PM R. 2014;6(5):406-41 1. Reprinted with 
permission from Elsevier. 
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Phenol can be used as a “toxin-sparing” technique. This practice may be useful 
when the dose of BoNT required to treat the identified target muscles exceeds 
recommended dose limits. For example, in a patient with severe lower extremity 
spasticity, adductor tone may be addressed with phenol obturator nerve blocks, 
thereby “saving” toxin for other muscles (117, 118, 229, 236). 


Maximum Dose/Treatment Session 

The approved/manufacturer’s published dose of the various BoNT products for the 
treatment of UMNS-related muscle overactivity varies by individual country. There 
is a wide range in the published maximum dose per treatment session for each of the 
BoNT products from clinical trials and in clinical practice (237-239). For example, for 
OBTA, the manufacturer’s published maximum dose for ULS is 360 units, whereas the 
maximum dose typically used in clinical practice is 400 to 600 units. A dose as high 
as 850 to 1,200 units has been reported in the literature (237, 239). These high doses 
(>400 units) should not be used in toxin-naive patients and should only be used with 
caution and with careful dose escalation. For the published dosage ranges of the each 
of the BoNT products, see Tables 11.1 to 11.9. 


OnabotulinumtoxinA: Manufacturer’s Published Dosage for 
Hypertonia/UMNS 

• United States: Adult ULS 75 to 360 units, divided (biceps brachii, FCR, FCU, FDP, 
FDS) (34). 

• United Kingdom/Medicines and Healthcare products Regulatory Agency (MHRA): 
Approved dose — 240 units, divided (biceps brachii, FCR, FCU, FDP, FDS, abductor 
pollicis longus [AdPL], FPL) (35). 

• United Kingdom/Medicines and Healthcare products Regulatory Agency (MHRA): 
Approved dose, pediatric spasticity (ambulatory CP) — >4 units/kg, total dose, 
divided if bilateral lower limb injections are performed (gastrocnemius) (35). 

• New Zealand, upper limb, adults: Dose determined by severity of spasticity, weak- 
ness, and patient response to prior treatment. Maximum dose 360 units (240). 

• New Zealand, pediatric spasticity (CP, >2 years of age): Exact dose and number of 
injections dependent on size and location of muscles (240). 

- Upper limb muscles: 0.5-2 units/kg/muscle 

- Lower limb muscles: 2-4 units/kg/muscle 

- Maximum dose: 3-8 units/kg or 300 units 

• Canada, upper limb, adults: Maximum dose 360 units, divided (biceps brachii, FCR, 
FCU, FDP, FDS, AdPL, FPL) (241 ). 
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• Canada, pediatric spasticity (CP, >2 years of age): Maximum dose 6 units/kg 
(4 units/kg, if unilateral) (241). 

• EU, adult ULS: 200-240 units (FCR, FCU, FDP, FDS, adductor pollicis brevis 
[AdPB]) (242). 

• EU, pediatric LLS (CP, >2 years of age): Maximum dose 6 units/kg (4 units/kg, if 
unilateral) (242). 

AbobotulinumtoxinA and Dose for Hypertonia/UMNS 

• United Kingdom/MHRA: Approved dose, adult ULS — 1,000 units (243). 

• United Kingdom/MHRA: Approved dose, pediatric LLS (ambulatory CP, >2 years 
of age): Initial dose 10 units/kg (unilateral) and 20 units/kg (bilateral). Titrate to 
30 units/kg at repeat injection (243). 

• New Zealand: Approved dose for adult ULS (biceps, FCR, FCU, FDP, FDS). Maxi- 
mum dose 1,000 units (244). 

• New Zealand: Approved dose, pediatric spasticity (ambulatory CP, >2 years of age): 
Initial dose 10 units/kg (unilateral) and 20 units/kg (bilateral). Titrate to 30 units/kg 
at repeat injection. Maximum dose 1,000 units (244). 

• EU: Approved for adult ULS, all countries (245). 

• EU: Approved for adult LLS, most countries (245). 

IncobotulinumtoxinA and Dose for Hypertonia/UMNS 

• United States: Not an approved indication (38). 

• United Kingdom: Approved for ULS in adults >18 years of age — 170 to 400 units (40). 

• Canada: Approved for ULS, adults — FCR, FCU, FDP, FDS, AdPB, FPL (limited 
coverage in some providences) (246). 

• European Union: Approved in some countries for ULS in adult patients (>18 years 
of age) (biceps, brachialis, brachioradialis, pronator quadratus, pronator teres, FCR, 
FCU, FDP, FDS, AdPB, FPL, opponens pollicis [OP]): 200 to 300 units, up to 400 
units in some countries (247, approved/granted a waiver for pediatric spasticity/ 
dystonia in some countries, www.ema.europa.eu/). 

• New Zealand: Approved for upper and lower limb adult (>18 years of age) spastic- 
ity. Maximum dose 360 units (biceps FCR, FCU, FDP, FDS, AdPB, FPL, OP) (248). 


RimabotulinumtoxinB and Dose for Hypertonia/UMNS 

• Currently, there are no reported approvals/published dosage ranges in the United 
States or in countries outside the United States. 
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Published Dose Range from Clinical Trials for OBTA, ABTA, IBTA, 

RBTB: See Tables 11.2, 11.4, 11.7, and 11.9 

Toxin Dilution/Reconstitution 

The manufacturers of the three FDA-approved serotype A BoNT products recommend 
reconstitution with preservative-free normal saline (PFNS, 0.9%) (34, 36, 38). RBTB 
is provided in solution and does not require reconstitution. Studies evaluating the 
effect of dilution on treatment outcomes and adverse events are limited. Therefore, the 
optimal dilution of the various BoNT products for the treatment of spasticity and other 
uses is unknown. Additional high-quality trials are required to establish the optimal 
dilution of each of the serotype A BoNT products. Although some clinicians further 
dilute RBTB, studies are also required to establish the safety, efficacy, and optional 
postmanufacturing dilution of RBTB. 

OBTA RECONSTITUTION 

The manufacturer’s recommended dilution of OBTA when treating adults with 
spasticity, published in the PI is 50 units/1 mL (5 units/0.1 mL). To achieve this 
dilution, a 100-unit vial is reconstituted with 2-mL PFNS or a 200-unit vial with 
4-mL PFNS (34). When injecting BoNT for UMNS-related hypertonia, experienced 
clinicians report using a variety of dilutions. 

ABTA RECONSTITUTION 

The typical dilution for ABTA when treating spasticity is 300 units in 1.5-mL PFNS 
or 500 units in 2.5-mL PFNS (36). This results in a concentration of 50 units/1 mL or 
5 units/0. 1 mL. A lower volume of saline may be used when treating small muscles or 
for small children. 

IBTA RECONSTITUTION 

The typical dilution used when treating patients with spasticity is a 100-unit vial 
reconstituted with 2-mL PFNS. 

RBTB RECONSTITUTION 

RBTB is provided by the manufacturer in a 5,000 units/mL solution and therefore does 
not require reconstitution. 

Clinical Effect 

The clinical effects of BoNT therapy are generally apparent within several days to 1 to 
2 weeks. The peak effect is reported to occur at 4 to 6 weeks, with duration of clinical 
effect for at least 3 months. Some patients treated with BoNT for spasticity will report 
a longer duration of benefit — up to 6 months is reported. Many patients will require 
or benefit from repeat BoNT treatment at 3- to 6-month intervals. Re-evaluation of the 
patient and the extent and pattern of muscle hypertonia should be performed prior to 
each treatment cycle (17, 207, 208). 
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Adverse Events/Side Effects 

The most common adverse events following BoNT injections in patients with UMNS- 
related muscle hypertonia are local and include injection site pain or bruising and 
weakness in injected or adjacent muscles. Other symptoms can include flu-like 
symptoms, dysphagia, and weakness in sites distant to the injection. Remote risks 
include all the risks published in the boxed warning in the full PI for each BoNT 
product. High-dose protocols should be used with caution as they are associated with 
an increased risk of adverse events. 


Boxed Warning and Compromised Patients 

A number of years ago, the FDA mandated the addition of a boxed warning to 
all BoNT products, warning of the risk of systemic side effects, aspiration, and 
possible death (see manufacturer PI). The risk of aspiration pneumonia and death 
can occur in any patient, but it has primarily been reported in compromised pediat- 
ric patients with CP. These patients had a prior history of dysphagia and/or aspira- 
tion pneumonia. Although mandating the boxed warning, the FDA did not conclude 
that there was a direct link between the BoNT procedure and the aspiration event/ 
death (see Special Populations/Pediatric Patients Section). In addition to the boxed 
warning, the FDA mandated the addition of a Risk Evaluation Management System 
(REMS) to the package insert for BoNT products that includes a patient informa- 
tion sheet, which should be provided to the patient. 


Special Populations/Pediatric Patients 

Pediatric patients represent a special subgroup of patients presenting with UMNS as 
it relates to BoNT and other chemodenervation procedures. Because of the observed 
clinical efficacy in reducing muscle hypertonia, chemodenervation procedures 
using BoNT and/or other agents (phenol or alcohol) are widely used in clinical 
practice (117, 118, 227-229, 249). Although none of the FDA-approved BoNT 
products are currently approved for use in children, they are approved in Canada, 
Ireland, United Kingdom, New Zealand, EU, Australia, and other countries. In 
2014, BoNTs are considered the standard of care for children with UMNS-related 
spasticity and for other impairments (e.g., problematic sialorrhea) (227, 250). 
When prescribing BoNT for children, treatment goals are similar to those for adults 
and include improved passive/active function; brace/splint tolerance; reduced 
contracture/deformity; improved pain, spasms, and perioperative pain; and quality 
of life (17, 207, 228, 229, 250, 251). To date, the majority of CP-related studies 
in the use of BoNT included only ambulatory patients. Additional studies are 
required to determine the most effective and safe dose for patients at higher impair- 
ment levels (Gross Motor Functional Classification Scale [GMFCS] Levels IV 
and V) (252). 
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Pediatric Dose Calculation 

When prescribing BoNT therapy, the recommended dose is product specific. 
Although “dosage conversion ratio” calculations are used by some clinicians, this 
practice is not recommended by the manufacturers of the various BoNT products. 
The evidence to date on this topic is primarily in the adult population and is limited 
at best. To be established as safe, the practice of using “dosage conversion” requires 
additional research in comparison studies and head-to-head trials in both children 
and adults. 

When treating younger children, the dose of a given BoNT product is generally 
calculated by body weight. This includes the dose per muscle and the total dose/kg/ 
treatment session. If the dose per muscle or total treatment dose exceeds the recom- 
mended (or published) dose for adult patients, then a child should receive the lower 
(adult) dose (207, 227, 229, 250). 

Maximum Dose per Treatment Cycle 

The recommended/published maximum dose varies from study to study and has 
evolved from the earliest reports of BoNT use in children in the early 1990s. Over the 
years, as clinicians have gained familiarity with BoNT, the dose used in clinical prac- 
tice has increased significantly. There are risks associated with high-dose protocols 
that include generalized or local weakness and reported dysphagia. A 2006 consensus 
panel (253) concluded that the “safe” dosage range of OBTA was 6 to 25 units/kg 
(60-400 units) and dosage range of ABTA was 1 1 to 25 units/kg (900 units). In 2009, 
the same panel revised their recommendations, lowering the recommended dose range 
of OBTA to 1 to 20 units/kg (400 units) and ABTA 1 to 20 units/kg (500-1,000 units) 
(250). Therefore, when using higher doses, clinicians should weigh the risk-benefit 
ratio for higher doses for each patient (250, 254, 255). 


Pediatric Dosage Modifiers 

When calculating dose, clinicians should take into account a variety of patient-related 
factors. When calculating dose per muscle, the first author uses a paradigm whereby 
the dose per muscle and total dose for a given patient is determined by the following 
factors: 

• Age of the patient: Patients <2 years. Many physicians suggest a lower starting max- 
imum dose for this younger age group (256). 

• Size of the target muscle (small, medium, large) 

• Severity of impairment (mild, moderate, severe) 

• Selective motor control (mild, moderate, severe impairment) 

• Functional goal (improved ease of care/passive function vs. independent function, 
transfers/independent mobility) 
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• Medical risk factors (history of aspiration, dysphagia) 

• Response to prior injections 

Based on the aforementioned factors, the dosage range for a patient is 
calculated based on a low-, moderate-, or high-dose range per muscle and for 
total dose. Other reported dose modifiers include the GMFCS impairment level. 
At higher impairment levels, disuse atrophy and muscle weakness are common. 
A lower dose may be effective (250). When considering BoNT treatment for a 
patient, there are a number of factors that must also be considered including access 
to care, financial burden (if the patient has no insurance or limited pharmacy ben- 
efit), access to follow-up treatment, and family/patient compliance with physical 
therapy/home exercise program. 

Post-BoNT Injection Interventions 

BoNT injections in isolation may reduce tone, but may not improve function or 
even ROM. Therefore, following BoNT procedures, clinicians should strongly 
consider referring a child to physical therapy if the child is not already receiving 
services (257). 

Adverse Events/Risks in Pediatric Patients 

As noted, reports of aspiration and death in pediatric patients following BoNT therapy 
led the FDA to add a boxed warning for all BoNTs used in the United States. Although 
the FDA added this warning to all BoNT products marketed in United States, the FDA 
did not conclude that BoNT therapy was the cause of death in these patients. A ques- 
tion raised by the preceeding aspiration events in pediatric patients is whether those 
patients who aspirated and/or died were sedated for the BoNT procedure and if so, 
how. All physicians who recommend sedation for BoNT procedures for patients with 
a history of dysphagia and poor oromotor control should be aware that sedation/anes- 
thesia carries a higher risk than in healthy uncompromised patients (ASA [American 
Society of Anesthesiologists] classification and perioperative risk) (258). 



TABLE 11.1 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Manufacturer Recommended Dosage/Dilution 

Table (Adults >18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin*) 

RBTB (Myobloc®) 

Notes 

U.S. FDA approval 

Adult upper limb 
spasticity (biceps, 

FCR, FCU, FDP, FDS) 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not 

FDA approved 


Outside the United 
States 

Adult upper 
limb spasticity 1Jl 
Equinus 1-5 

Adult upper 
limb spasticity 1 - 2 
Equinus 1 ' 2 - 5 

Adult upper limb 
spasticity 1 ^ 

Equinus 1 ' 2 ' 5 

Currently not 
approved 

’United Kingdom 
2 New Zealand 
^Canada 4 EU 5 ln 
children with CP, 

<2 years of age 

Manufacturer Recommended Dosage Range, United States: Adults (>18 years of Age) 

Biceps brachii 

100-200 units, 
divided among 

4 sites 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


FCR 

12.5-50 units, 

1 site 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


FCU 

12.5-50 units, 

1 site 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


FDP 

30-50 units, 

1 site 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


FDS 

30-50 units, 

1 site 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


Total dose 

75-360 units 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 
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TABLE 11.1 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Manufacturer Recommended Dosage/Dilution 

Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Dilution 

(concentration) 

100 units in 2-mL 

PFNS or 200 units 
in 4-mL PFNS (50 
units/mL or 5 
units/0.1 mL) 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


Outside the United States: Approved Muscles and Dosage 

Biceps brachii 

100-200 units 2 - 3 

300-400 units 1 - 2 
(0.6-0. 8 mL) 

80 units 1 (for initial 
treatment) 

Not an approved 
indication 

The optimum dose 
is patient specific. 

Use a lower dose 
for small muscles 
or if a higher 
dose may cause 
weakness. 

Injection sites 

Up to 4 3 

2 1 

75-200 units 1 - 3 (for repeat 
treatment(s) 1 ) 

1-4 1 - 3 


Brachialis 

N/A 

N/A 

60 units 1 - 3 (for initial 
treatment) 

Not an approved 
indication 

Injection sites 

N/A 

N/A 

25-100 units 1 (for repeat 
treatment(s) 1 ) 

1-2 1 



Brachioradialis 

N/A 

N/A 

50 units 1 - 3 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

N/A 

N/A 

25-100 units 1 (for repeat 
treatment(s) 1 ) 

1-3 1 



Pronator quadratus 



25 units 13 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

N/A 

N/A 

10-50 units 1 - 3 (for repeat 
treatment(s) 1 ) 

I 1 
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TABLE 11.1 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Manufacturer Recommended Dosage/Dilution 

Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Outside the United States: Approved Muscles and Dosage ( continued ) 

Pronator teres 

N/A 

N/A 

40 units 1 ' 3 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

N/A 

N/A 

25-75 units 1 (for repeat 
treatment^] 1 ) 

1-2 1 



FCR 

50 units 1 " 4 

150 units 12 (0.3 mL) 

50 units 13 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

1-2« 

I 1 

25-100 units 1 (for repeat 
treatment^] 1 ) 

1-2 1 ' 3 



FCU 

50 units 1 

10-50 units 2 " 4 

1 50 units 12 (0.3 mL) 

40 units 13 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

1_ 2 2-4 

I 1 

20-100 units 1 (for repeat 
treatment^] 1 ) 

1-2 1 ' 3 



FDP 

50 units 1 

15-50 units 2 " 4 

1 50 units 12 (0.3 mL) 

40 units 13 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

1_2 2 -4 

I 1 

40-100 units 1 (for 
repeat treatment^] 1 ) 

2 1 ' 3 



FDS 

50 units 1 

15-50 units 2 " 4 

150-250 

units 1,2 (0.3-0.5 mL) 

40 units 1 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

1-2 2 - 3 

I 1 

40-100 units 1 (for 
repeat treatment^] 1 ) 

2 1 ' 3 
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TABLE 11.1 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Manufacturer Recommended Dosage/Dilution 

Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 


Outside the United States: Approved Muscles and Dosage ( continued ) 


FPL 

20 units 1 - 4 

N/A 

20 units 1 - 3 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

1-2 241 

N/A 

10-50 units 1 (for repeat 
treatment^] 1 ) 

I 1 ' 3 



Adductor pollicis 

20 units 141 

N/A 

10 units 1 - 3 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

1-2 2 ' 3 


5-30 units 1 (for repeat 
treatment^] 1 ) 

I 1 - 3 



Opponens pollicis 

20 units 141 

N/A 

10 units 1 - 3 (for initial 
treatment) 

Not an approved 
indication 


Injection sites 

12.3 


5-30 units 1 (for repeat 
treatment^] 1 ) 

I 1 - 3 



Maximum dose 

240 units 1 

360 units 2 - 3 
200-240 units 4 

1,000 units 1 - 2 

170-400 units 141 

Not an approved 
indication 


Dilution 

Not specified 

300-unit vial with 0.6-mL 

Not specified 

RBTB is provided 

Reconstitute only 

(concentration) 

100 units in 

PFNS 1 

100 units in 1- to 2-mL 

in solution 

with PFNS 


2-mL PFNS (50 
units/mL or 5 
units/0.1 mL) 6 

500-unit vial with 1-mL 
PFNS'(500 units/mL or 50 
units/0.1 mL) 

300 units in 1.5-mL PFNS 
or 500 units in 2.5-mL 

PFNS (200 units/mL or 

20 units/0.1 mL) 6 

PFNS is common 

(5,000 units/mL), 
reconstitution 
not required If 
desired, product 
may be diluted 
with normal 
saline. 

6 The most 
commonly 
reported dilution 
in the literature. 
Higher dilutions 
have been 
reported. 
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TABLE 11.1 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Manufacturer Recommended Dosage/Dilution 

Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Outside the United States: Approved Muscles and Dosage ( continued ) 

Localization 

EMG or e-stim 
suggested as useful 

Standard EMG 
sites, EMG may be 
useful 12 

EMG or e-stim 
suggested as useful 

Not reported, 
currently not 
an approved 
indication 


Re-injection 

12-16 weeks 3 

12-16 weeks 

12-16 weeks 

Not reported, 
currently not 
an approved 
indication 


Adverse events 

Injection site 
pain, bruising, 
fever, flu-like 
illness, dysphagia, 
hypertonia, and 
others 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, and 
others 

Injection site pain, 
bruising, fever, flu-like 
illness, dysphagia, and 
others 

Not reported, 
currently not 
an approved 
indication 



Abbreviations: ABTA, abobotulinumtoxinA; CP, cerebral palsy; EMG, electromyography; e-stim, electrical stimulation; FCR, flexor carpi radialis; FCU, flexor 
carpi ulnaris; FDA, Food and Drug Administration; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; FPF, flexor pollicis longus; IBTA, 
incobotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); OBTA, onabotulinumtoxinA; RBTB, rimabotulinumtoxinB. 


Sources: Refs. 34-36, 38, 40, 240-244, 246, 247, 491. 
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TABLE 11.2 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Published Studies Dosage/ 

Dilution Table* 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Typical dosage 

300-500 units 

500-1,000 units 

300-500 units 

2,500-10,000 units 

'(238) 

range 




Up 20,000 units 
reported 1 


Published 

850-1,200 units 2 - 3 

1,500 units 

840 units 34 

17,500-20,000 units 

2 The safety/efficacy 

maximum 





of doses >500 units is 
not established (239) 
3 ( 494 ) 4 ( 493 ) 5 ( 492 ) 

Paraspinal muscles 

100 units 

— 

— 

— 


Upper Limb Muscles 

Shoulder/Pectoral Muscles 

Deltoid 

50-75 units 

100-200 units 

50 units' 

— 

'(96) 

Injection sites 

1-3 

1-3 

1-3 

— 

2 (495) 

Infraspinatus 

50-60 units 

100-150 units 

20-40 units 1 

— 


Injection sites 

1-2 

1-2 

1-2 

— 


Latissimus dorsi 

50-1 50 units 

150-500 units 

20-100 units' 

2,500-7,500 units 2 


Injection sites 

1-3 

1-3 

1-3 

1-3 


Levator scapulae 

10-60 units 

50-200 units 

10-60 units' 

— 


Injection sites 

1-2 

1-2 

1-2 

— 


Pectoralis major 

50-1 50 units 

60-600 units 

40-80 units 

— 


Injection sites 

1-3 

1-3 

1-3 

— 


Pectoralis major 
and minor 

50-100 units 2 

100-300 units 2 

— 

2,500-7,500 units 2 


Injection sites 

2-4 

2-4 

— 

2-4 
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TABLE 11.2 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Published Studies Dosage/ 

Dilution Table* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Upper Limb Muscles ( continued ) 

Shoulder/Pectoral Muscles ( continued ) 

Pectoralis minor 

40 units 

150-500 units 

20-40 units 1 

— 


Injection sites 

1-2 

1-2 

1 

— 


Rhiomboids 

50-60 units 

80-150 units 

20-40 units 1 

— 


Injection sites 

1-2 

1-2 

1-2 

— 


Serratus anterior 

60-70 units 

150-300 units 

1 0-60 units 1 

— 


Injection sites 

1-6 

1-6 

1-6 

— 


Subscapularis 

50-100 units 

100-500 units 

— 

— 


Injection sites 

1-2 

1-2 

— 

— 


Supraspinatus 

40 units 

100-150 units 

20-40 units 

— 


Injection sites 

1-2 

1-2 

1-2 

— 


Teres major 

25-100 units 

100 units 

40 units 1 

1,500-2,500 units 2 


Injection sites 

1-2 

1-2 

1-2 

1-2 


Teres minor 

25-50 units 

100 units 

20 units 

— 


Injection sites 

1-2 

1-2 

1-2 

— 


Trapezius 

60 units 

100-250 units 

1 5-60 units 

— 


Injection sites 

1-3 

1-3 

1-3 

— 


Elbow Flexors/Extensor 

Biceps 

25-200 units 

60-600 units, up to 

55-200 units 

833-3,750 units 

'(497) 2 (496) 



980 units 1 (1,500 units in 
the United Kingdom) 2 



3 (496) 4 (495) 

Injection sites 

2-4 

2-4 

2-4 

2-4 
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TABLE 11.2 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Published Studies Dosage/ 

Dilution Table* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Elbow Flexors/Extensor ( continued ) 

Brachialis 

20-100 units 

40-400 units (15,00 
units in the United 

25-100 units 

833-1,667 units 


Injection sites 

1-2 

Kingdom) 3 

1-2 

1-2 

1-2 


Biceps/brachialis 

25-100 units 4 

100-300 units 2 - 4 

Not reported 

1,500-5,000 units 4 


Injection sites 

2-3 

2-3 

Not reported 

2-3 


Brachioradialis 

15-100 units 

75-400 units 

25-100 units 

833-2,500 units 


Injection sites 

1-3 

1-3 

1-3 

1-2 


Coracobrachialis 

40 units 

120 units 

— 

— 


Injection sites 

1 

1 

— 

— 


Triceps 

50-200 units 

100-500 units 

50-120 units 

250-750 units 4 


Injection sites 

1-3 

1-3 

1-3 

— 


Forearm Extensor Muscle Groups 

EDC 

30-40 units 

100-150 units 

5-30 units 1 

— 

'(96) 

Injection sites 

1 

1-2 

1 

— 

2 (495) 

ECRB 

20-30 units 

60-100 units 

5-20 units 1 

— 


Injection sites 

1 

1-2 

1 

— 


ECRL 

30-40 units 

100-200 units 

5-20 units 1 

— 


Injection sites 

1 

1-2 

1 

— 


ECR 

Injection sites 

Not reported 

Not reported 

Not reported 

Not reported 

Not reported 

Not reported 

50-100 units 2 

1-2 


ECU 

30-40 units 

100-150 units 

5-20 units 1 

50-100 units 2 


Injection sites 

1-2 

1-2 

1-2 

1-2 


EDM 

30-40 units 

50-100 units 

10 units 1 

50-100 units 2 


Injection sites 

1 

1 

1 

1 
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TABLE 11.2 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Published Studies Dosage/ 

Dilution Table* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Forearm Extensor Muscle Groups ( continued ) 

EIP 

20-30 units 

50-100 units 

5-10 units 1 

50-100 units 


Injection sites 

1 

1 

1 

1 


EPB 

5-20 units 1 

20-80 units' 

5-20 units 1 

50-100 units 


Injection sites 

1 

1 

1 

1 


EPL 

20-40 units 

50-100 units 

5-20 units 1 

50-100 units 


Injection sites 

1 

1 

1 

1 


Forearm Flexor Muscle Groups 

FCR 

25-120 units 

75-250 units 

25-100units 

1,000-2,500 units 

’(96) 

Injection sites 

1-2 

1-2 

1-2 

1-2 


FCU 

25-120 units 

75-250 units 

20-100 units 

1,000-2,500 units 


Injection sites 

1-2 

1-2 

1-2 

1-2 


FDP 

30-120 units 

20-300 units 

40-100 units 

625 units 


Injection sites 

1-4 

1-4 

1-4 

1-4 


FDS 

25-120 units 

75-500 units 

40-120 units 

625-2,500 units 


Injection sites 

1-4 

1-4 

1-4 

1-4 


FPL 

15-40 units 

40-250 units 

10-50 units 

250-1,000 units 


Injection sites 

1 

1-2 

1 

1-2 


Palmaris longus 

20-25 units 

80-100 units 

10 units 1 

— 


Injection sites 

1 

1 

1 

— 


"Forearm finger 
flexors" 

80 units 

Not reported 

Not reported 

Not reported 


Injection sites 

1-4 

Not reported 

Not reported 

Not reported 
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TABLE 11.2 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Published Studies Dosage/ 

Dilution Table* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Forearm Flexor Muscle Groups ( continued ) 

"Wrist flexors" 
dose divided 

50-120 units 

Not reported 

Not reported 

Not reported 


Injection sites 

1-2 

Not reported 

Not reported 

Not reported 


Pronators/Supinators 

Pronator quadratus 

10-50 units 

100-150 units 

10-55 units 

— 

’(96) 

Injection sites 

1 

1-2 

1 

— 


Pronator teres 

25-120 units 

50-350 units 

10-120 units 

— 


Injection sites 

1-3 

1-2 

1-2 

— 


Supinator 

5-40 units 

100-200 units 

5-30 units’ 

— 


Injection sites 

1-2 

1-2 

1-2 

— 


Hand: Finger/Thumb Muscles 

AbPB 

2.5-10 units’ 

20-40 units' 

2.5-30 units 

250-500 units 2 

’(96) 

Injection sites 

1 

1 

1 

1 

2 (495) 

AbPL 

10 units 

30-80 units 

5-30 units 

250-500 units 2 


Injection sites 

1 

1 

1 

1 


AbDM 

2.5-5 units’ 

10-20 units’ 

2.5-5 units’ 

250-500 units 2 


Injection sites 

1 

1 

1 

1 


AdP 

10-40 units 

40-100 units 

5-30 units 

250-500 units 2 


Injection sites 

1 

1 

1 

— 


EDM 

30-40 units 

50-100 units 

15-30 units 

— 


Injection sites 

1 

1 

1 

— 


FDM 

2.5-10 units’ 

10-20 units' 

2.5-5 units’ 

— 


Injection sites 

1 

1 

1 

— 
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TABLE 11.2 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Published Studies Dosage/ 

Dilution Table* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Hand: Finger/Thumb Muscles ( continued ) 

EPB 

Injection sites 

5-20 units 

1 

50-75 units 

1 

5-20 units 

1 



FPB 

Injection sites 

5-25 units 

1 

50 units 

1 

5-30 units 

1 

250-500 units 2 

1 


Interossei dorsal/volar 

Injection sites 

2.5-5 units per 
muscle belly 

1 per muscle belly 

10-20 units per 
muscle belly 

1 per muscle belly 

2.5-5 units per 
muscle belly 

1 per muscle belly 

75-100 units per 
muscle belly 3 

1 per muscle belly 

3 First authior's 
dosage range 

Interossei, palmar 

Injection sites 

2.5-5 units per 
muscle belly 

1 per muscle belly 

10-20 units per 
muscle belly 

1 per muscle belly 

2.5-5 units per 
muscle belly 

1 per muscle belly 

75-100 units per 
muscle belly 3 

1 per muscle belly 


Lumbricals 

Injection sites 

2.5-10 units per 
lumbrical 

1 per lumbrical 

10-20 units per 
lumbrical 

1 per lumbrical 

2.5-10 units per 
lumbrical 

1 per lumbrical 

75 units per 
lumbrical 3 

1 per lumbrical 


OP 

Injection sites 

5-25 units 

1 

10-40 units 

1 

5-30 units 

1 

75-100 units 3 

1 


ODM 

Injection sites 

2.5-5 units 

1 

10-20 units 

1 

2.5-5 units 

1 

75 units 3 

1 


Mean total dose 

Not reported 

600-832 units 4 

Not reported 

Not reported 

4 (496) 

Maximum 
published dose 

Up to 850 units 5 

1 500 units 

Up to 840-850 
units 5 

Up to 19,800 units 

5 (494) 

Dilution 

(concentration) 

50 units in 1-mL 

PFNS, 100 units 
in 2-mL PFNS, or 

200 units in 4-mL 

PFNS (50 units/mL, 

5 units/0.1 mL) 

300 units in 1.5-mL 
PFNS 500 units 
in 2.5-mL PFNS 
(200 units/mL, 20 
units/0.1 mL) 

100 units in 2-mL 

PFNS or 200 units 
in 4-mL PFNS 
(25 units/mL, 1.5 
units/0.1 mL) 

Provided in 
solution (5,000 
units/mL). If 
desired, dilute withi 
PFNS 

Optimal dilution 

Fias not been 
established 

Localization 

EMG, e-stim, US 

EMG, e-stim, US 

EMG, e-stim, US 

EMG, e-stim, US 


Re-injection 

12-16 weeks 

12-16 weeks 

12-16 weeks 

12-16 weeks 
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TABLE 11.2 BoNT for UMNS-Related Upper Limb Muscle Hypertonia: Published Studies Dosage/ 

Dilution Table* ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport*) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Hand: Finger/Thumb Muscles ( continued ) 

Adverse events 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 


Other Muscles 

Masseter (trismus, 
poststroke) 

Not reported for 
this indication 

Not reported for 
this indication 

Not reported for 
this indication 

2,500 units/side' 

'(273) 

Oromandibular 
dosage range 

5-20 units 1 

20-60 units' 

5-20 units' 

1 50-600 units' 


Note: The published total dose and dose per muscle group in this table are taken from published clinical studies and texts. The optimal starting dose and retreatment 
dose are not well established, other than for a limited number of muscles. When calculating the dose per muscle and total dose per treatment session, clinicians should 
consider the following factors as potential dose modifiers: the BoNT product to be used, the etiology and severity of muscle hypertonia, clinical findings/level of 
function, treatment goals, medical comorbidities, whether the patient is toxin-naive, response to prior treatment, number and size of muscles to be injected, and number 
of injection sites per muscle. 

Clinicians should be aware that although doses >400 units of OBTA or IBTA, >1,000 units of ABTA, or >10,000 units of RBTB are reported, these high dosage ranges 
may be associated with an increased incidence of adverse events. The dose on any BoNT product should be increased incrementally based on the patient’s clinical 
condition and response to prior injection(s). 

"Unless otherwise noted, the dosage range per muscle reported here is compiled from published studies. 

Abbreviations: ABTA, abobotulinumtoxinA; AdP, adductor pollicis; AdPB, adductor pollicis brevis; AbDM, abductor digiti minimi; AbPB, abductor pollicis brevis; AbPL, 
abductor pollicis longus; BoNT, botulinum toxin; ECR, extensor carpi radialis; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis longus; ECU, extensor 
carpi ulnaris; EDC, extensor digitorum communis; EDM, extensor digiti minimi; EIP, extensor indices proprius; EMG, electromyography; EPB, extensor pollicis brevis; EPL, 
extensor pollicis longus; e-stim, electrical stimulation; FCR, flexor carpi radialis; FCU, flexor carpi ulnaris; FDM, flexor digiti minimi; FDP, flexor digitorum profundus; FDS, 
flexor digitorum superficialis; FPB, flexor pollicis brevis; FPL, flexor pollicis longus; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; ODM, opponens digiti minimi; 
OP, opponens pollicis; RBTB, rimabotulinumtoxinB; PFNS, preservative-free normal saline; PI, prescribing information; UMNS, upper motor neuron syndrome; US, ultrasound. 
Sources: 96, 125, 212, 214-216, 226, 231, 234, 235, 238, 239, 454, 456, 492-527. 
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TABLE 11.3 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Manufacturer Recommended Dosage/Dilution 

Table (Adults >18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

U.S. FDA approval 

Currently not FDA 

Currently not FDA 

Currently not FDA 

Currently not FDA 

'Approval for 


approved 

approved 

approved 

approved 

lower limb 
spasticity in adults 

Approvals in 

New Zealand 2 

Currently not 

Currently not 

Currently not 

countries outside 


an approved 

an approved 

an approved 


the United States 1 


indication 

indication 

indication 


Approved Muscles and Dosage in Countries Outside the United States 

Gastrocnemius 

50-200 units 2 

N/A 

N/A 

N/A 

2 Total dose 

Injection sites 

up to 4 2 

N/A 

N/A 

N/A 

determined 
by severity of 
spasticity, weakness, 
and response to 

Soleus 

Injection sites 

80-125 units 2 

1-2 2 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Tibialis posterior 

70-100 units 2 

N/A 

N/A 

N/A 

prior injection(s) 

Injection sites 

1-2 2 

N/A 

N/A 

N/A 


FD 

50-100 units 2 

N/A 

N/A 

N/A 


Maximum dose 


N/A 

N/A 

N/A 


Injection sites 

2-4 2 

N/A 

N/A 

N/A 



( continued ) 


148 ■ PART l:BoNTs FOR THE TREATMENT OF MUSCLE OVERACTIVITY 




TABLE 11.3 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Manufacturer Recommended Dosage/Dilution 

Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport*) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Approved Muscles and Dosage in Countries Outside the United States ( continued ) 

Dilution 

Not specified. 

50 units in 1-mL 

PFNS (100 units in 
2-mL PFNS or 200 
units in 4-mL PFNS) 
is typical 

N/A 

N/A 

N/A 


Localization 

EMG, e-stim, or US 2 

N/A 

N/A 

N/A 


Re-injection 

Interval 

Minimum 12 weeks 

N/A 

N/A 

N/A 


Adverse events 

See full PI and 
Medsafe.NZ.gov 

N/A 

N/A 

N/A 



Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum toxin; FD, flexor digitorum; FDA, Food and Drug Administration; EMG, electromyography; e-stim, 
electrical stimulation; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline; RBTB, rimabotulinumtoxinB; PI, prescribing 
information; UMNS, upper motor neuron syndrome; US, ultrasound. 

Source: Ref. 240. Botox NZ Data Sheet Version 1 1 . Medsafe: New Zealand Medicines and Medical Devices Safety Authority. Available at http://www.medsafe.govt.nz/profs/ 
datasheet/b/Botoxinj .pdf. Updated December 2013. 
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TABLE 11.4 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Published Studies Dosage/Dilution Table 

(Adults >18 Years of Age)* 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Typical dose 

300-600 units 

500-1,000 units 

300-500 units 

1,000-10,000 units 


Maximum reported 
dose 

850-1,200 units 1 - 2 

1,500 units 

750-840 units 
reported for 
combined upper 
and lower limb 
injections 2 ^ 4 

IT.SOO’^O.OOO 5 
units reported 

'The safety and 
efficacy of doses 
>500 units is not 
established (239) 
2 (494) 

3 (493) 

4 (492) 

5 (238) 

Hip Girdle and Adductor Muscles 

Hip adductors 

200-400 units 

850 units 

60-80 units per 
muscle 

Total dose: 60-1 20 
units' 

5,000-7,500 
divided (brevis, 
longus, and 
magnus) or 

8-22,000 units, 
divided bilaterally 

<(492) 

Adductor brevis 

Injection sites 

50-100 units 

1-2 

100-250 units 

1-2 

20-80 units 

1-2 

1,500-2,000 units 2 

1-2 

2 First author's 
dosage range 

Adductor longus 

50-100 units 

100-300 units 

20-100 units 

1,500-2,000 units 2 


Injection sites 

1-3 

1-3 

1-3 

1-3 


Adductor magnus 

30-200 units 

100-500 units 

30-150 units 

1,500-2,000 units 2 


Injection sites 

2-4 

2-4 

2-4 

1-3 


Gluteus maximus 

50-100 units 

100-650 units 

40-100 units 

— 

Rarely injected 

Injection sites 

2-4 

2-4 

2-4 

— 
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TABLE 11.4 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Published Studies Dosage/Dilution Table 

(Adults >18 Years of Age)* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Hip Girdle and Adductor Muscles ( continued ) 

Gluteus medius 

40-100 units 

70-300 units 

40-60 units 

— 


Injection sites 

2-3 

2-3 

2-3 

— 


Gluteus minimus 

20-60 units 

70-100 units 

20-60 units 

— 

Rarely injected 

Injection sites 

1-2 

1-2 

1-2 

— 


Gracilis 

80-120 units 

100-300 units 

60-100 units 

500-1,000 units 


Injection sites 

1-3 

1-3 

1-3 

— 


Hip flexors 

50-200 units 

400-850 units 

— 

— 


Injection sites 

1-2 

1-2 

— 

— 


Iliopsoas 

40-200 units 

300-300 units 

25-200 units 

5,000-7,500 units 3 

3 (495) 

Injection sites 

1-4 

2-4 

1-4 

1-4 


Pectineus 

50-100 units 

150-400 units 

50-80 units 

750-1,000 units 2 


Injection sites 

1 

1 

1 

1 


Piriformis 

50-100 units 

200-500 units 

50-100 units 2 

750-1,000 units 2 


Injection sites 

1-2 

1-2 

1-2 

1-2 


Psoas major 

50-200 units 

300-400 units 

50-150 units 2 

750-1,500 units 2 


Injection sites 

1-2 

1-2 

1-2 

1-2 


Rectus femoris 

30-200 units 

100-500 units 

50-100 units 

750-2,000 units 2 


Injection sites 

1-3 

1-3 

1-2 

1-3 


Quadratus 

lumborum 

100 units 

300 units 

50-100 units 

750-1,000 units 2 


Injection sites 

1-2 

1-2 

1-2 

1-2 


Sartorius 

20-40 units 

70-140 units 

20-40 units 

500-750 units 2 


Injection sites 

1-2 

1-2 

1-2 

1-2 



( continued ) 


CHAPTER 11: BoNT FOR MUSCLE OVERACTIVITY ASSOCIATED WITH UMNS ■ 151 



TABLE 11.4 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Published Studies Dosage/Dilution Table 


(Adults >18 Years of Age)* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Flip Girdle and Adductor Muscles ( continued ) 

Tensor fascia lata 

20-60 units 

70-300 units 

20-60 units 

500-750 units 2 


Injection sites 

1-2 

1-2 

1-2 

1-2 


Knee Flexors 

Hamstrings 

50-200 units 

Not reported 

Not reported 

8-16,000 units, 
divided 


Injection sites 

1-4 

Not reported 

Not reported 

Not reported 


Biceps femoris 

Injection sites 

30-200 units 

1-4 

100-500 units 

1-4 

50-140 units 

1-4 

500-1,000 units' 

'First author's 
dosage range 

Popliteus 

30 units 

100 units 

25-30 units' 

250-500 units' 


Injection sites 

1 

1-2 

1-2 

1-2 


Semimembranosus 

40-200 units 

200-400 units 

40-100 units 

750-1,500 units' 


Injection sites 

1-4 

1-4 

1-4 

1-4 


Semitendinosus 

30-200 units 

200-400 units 

20-80 units 2 

750-1,500 units' 

2 (96) 

Injection sites 

1-4 

1-4 

1-3 

1-3 


Knee Extensors 

Quadriceps 

50-200 units 

350-500 units 

50-70 units 

5,000-7,500 units' 

'(495) 

Injection sites 

1-4 

1-4 

1-4 

1-4 


Rectus femoris 

Injection sites 

30-200 units 

1-3 

300-500 units 

1-3 

50-100 units 

1-3 

750-1,000 units 2 

1-3 

2 First author's 
dosage range 

Vastus intermedius 

20-80 units 3 

50-300 units 3 

20-80 units 3 

500-750 units 2 

3 (96) 

Injection sites 

1-2 

1-2 

1-2 

1-2 
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TABLE 11.4 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Published Studies Dosage/Dilution Table 

(Adults >18 Years of Age)* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Knee Extensors ( continued ) 

Vastus lateralis 

25-60 units 

50-300 units 

20-80 units 

500-750 units 2 


Injection sites 

1-4 

1-4 

1-4 

1-4 


Vastus medialis 

30-80 units 

50-300 units 

30-80 units 

500-750 units 2 


Injection sites 

1-4 

1-4 

1-4 

1-4 


Calf Muscles 

EDL 

50-80 units 

150-250 units 

40-80 units 

250-1,000 units' 

'First author's 

Injection sites 

1-2 

1-2 

1-2 

1-2 

dosage range 

EHL 

25-160 units 

100-170 units 

30-40 units 

1,000-3,000 units 


Injection sites 

1-2 

1-2 

1-2 

1-2 


FDL 

25-125 units 

150-300 units 

30-100 units 

250-1,000 units' 


Injection sites 

1-2 

1-2 

1-2 

1-2 


FHL 

15-95 units 

100-200 units 

1 5-60 units 

500-750 units' 


Injection sites 

1-2 

1-2 

1-2 

1-2 


Fibularis brevis 

30-40 units 

80-120 units 

30-50 units' 

250-500 units' 


Injection sites 

1 

1-2 

1-2 

1-2 


Fibularis longus 

50-80 units 

100-250 units 

40 units 

250-750 units’ 


Injection sites 

1-2 

1-2 

1-2 

1-2 


Fibularis tertius 

30-40 units 

80-120 units 

30-40 units’ 

250-500 units' 


Injection sites 

1 

1 

— 

1-2 


Gastrocnemius 

50-250 units, 1 

500-1,000 units,' 

60-200 units 

Up to 10,000 units, 


(medial/lateral) 

divided 

divided 


divided 


Gastrocnemius, 

lateral 

50-100 units 

1 50-400 units 

30-100 units 

1,000-3,000 units’ 


Injection sites 

2-4 

2-4 

2-4 

2-4 
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TABLE 11.4 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Published Studies Dosage/Dilution Table 

(Adults >18 Years of Age)* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Calf Muscles ( continued ) 

Gastrocnemius, medial 

50-150 units 

150-400 units 

30-150 units 

1,000-5,000 units' 


Injection sites 

2-4 

2-4 

2-4 

2-4 


Soleus 

50-200 units 

250-500 units 

40-100 units 

1,000-3,000 units' 


Injection sites 

1-3 

1-2 

1-2 

1-2 


Tibialis anterior 

30-150 units 

200-400 units 

30-80 units 

1,000-2,500 units 2 

2 (495) 

Injection sites 

1-3 

1-3 

1-3 

1-3 


Tibialis posterior 

50-100 units 

100-350 units 

30-200 units 

6-8,000 units 


Injection sites 

1-3 

1-2 

1-2 

1-2 


Triceps surae 
(gastrocnemius and 
soleus) 

Not reported 

500-1,000 units, 
divided 

Not reported 

5,000-7,500 units, 2 
divided 


Injection sites 

Not reported 

4-6 

Not reported 

4-6 


Foot Muscles 

AbdH 

10-20 units' 

30-80 units' 

5-20 units 1 

50-100 units 

'(96) 

Injection sites 

1 

1 

1 

1 


AdH 

5-20 units 

30-50 units 

5-20 units 

50-100 units 2 

2 First author's 

Injection sites 

1 

1 

1 

1 

dosage range 

AbDM 

5-20 units 

30-50 units 

5-20 units 

50-100 units 


Injection sites 

1 

1 

1 

1-2 


EDB 

4-70 units 

50-100 units 

5-30 units 

50-100 units 


Injection sites 

1-2 

1-2 

1-2 

1-2 


FDB 

20-80 units 

40-200 units 

20-80 units 

50-100 units 


Injection sites 

1-2 

1-2 

1-2 

1-2 
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TABLE 11.4 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Published Studies Dosage/Dilution Table 

(Adults >18 Years of Age)* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Foot Muscles ( continued ) 

FHB 

Injection sites 

10-50 units 

1-2 

30-80 units 

1-2 

20-50 

1-2 

50-250 units 

1-2 


Interossei, dorsal 

1-4 

Injection sites 

5-10 units per 
muscle 1 

1 per muscle belly 

20-40 units per 
muscle 1 

1 per muscle belly 

5-10 units per 
muscle 1 

1 per muscle belly 

50-100 units per 
muscle belly 2 

1 per muscle belly 


Interossei, plantar 

1-3 

Injection sites 

5-20 units per 
muscle belly 1 

1 per muscle belly 

20-80 units per 
muscle belly 

1 per muscle belly 

5-20 units per 
muscle 1 

1 per muscle belly 

50-100 units per 
muscle belly 2 

1 per muscle belly 

Lumbricals pedis 

1-4 

Injection sites 

5-10 units per 
muscle belly 1 

1 per muscle belly 

20-40 units per 
muscle 1 

1 per muscle belly 

5-10 units per 
muscle 1 

1 per muscle belly 

50-100 units per 
muscle belly 2 

1 per muscle belly 

Mean total dose 

Not reported 

508-773 units 3 

Not reported 


3 (496) 

Maximum 
published dose 

840-850 units 

1,000-1,500 units 

400-500 units is 
common 4 

750-840 units has 
been reported when 
both upper and lower 
limbs were injected 5 

19,800 units 

4 (494) 

5 (493) 

Dilution 

(concentration) 

50 units with 1-mL 
PFNS, 100 units 
with 2-mL PFNS, or 
200 units with 4-mL 
PFNS is typical 

500 units in 2.5-mL 
PFNS (200 units/mL, 

20 units/0.1 mL) 

100 units in 2-mL 

PFNS or 200 units 
with 4-mL PFNS is 
typical 

100 units in 8-mL 

PFNS has been 
reported (12.5 units/ 
mL, 1.25 units/0.1 mL) 

Provided in 
solution (5,000 
units/mL). 

If desired, may be 
further diluted 
with PFNS 
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TABLE 11.4 BoNT for UMNS-Related Lower Limb Muscle Hypertonia: Published Studies Dosage/Dilution Table 

(Adults >18 Years of Age)* ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Foot Muscles ( continued ) 

Localization 

Palpation, 
reference guides, 
EMG, e-stim, or US 

Palpation, 
reference guides, 
EMG, e-stim, or US 

Palpation, 
reference guides, 
EMG, e-stim, or US 

Palpation, 
reference guides, 
EMG, e-stim, or US 


Re-injection 

interval 

12-16 weeks 

12-16 weeks 

12-16 weeks 

12-16 weeks 


Adverse events 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 

Injection site pain, 
bruising, fever, 
flu-like illness, 
dysphagia, dry 
mouth (see full PI) 



Note: The published total dose and dose per muscle group in this table are taken from published clinical studies and texts. The optimal starting dose and retreatment 
dose are not well established, other than for a limited number of muscles. When calculating the dose per kilogram and total dose per treatment session, considerations 
should include: BoNT product to be used, etiology of UMNS, number and size of muscles to be injected, number of injection sites per muscle, clinical findings on 
examination, severity of hypertonia, treatment goals, medical comorbidities, response to prior treatment, toxin-naive patients, and other dose modifiers. 

Clinicians should be aware that although doses >400 units of OBTA or of IBTA, >1000 units of ABTA, or >10,000 units of RBTB are reported, these high-dose ranges 
may be associated with an increased incidence of adverse events. The dose of any BoNT product should be increased incrementally based on the patient’s clinical 
condition and response to prior injection. 

"Unless otherwise noted, the dosage range per muscle reported here is compiled from published studies. 

Abbreviations: AbDM, abductor digiti minimi; ABTA, abobotulinumtoxinA; AbdH, abductor halluces; AdH, adductor halluces; BoNT, botulinum toxin; EDB, extensor 
digitorum brevis; EDL, extensor digitorum longus; EHL, extensor hallucis longus; EMG, electromyography; e-stim, electrical stimulation; FDB, flexor digitorum 
brevis; FDL, flexor digitorum longus; FHB, flexor hallucis brevis; FHL, flexor hallucis longus; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, 
preservative-free normal saline; RBTB, rimabotulinumtoxinB; UMNS, upper motor neuron syndrome; US, ultrasound. 

Sources: Refs. 96, 126, 214, 215, 226, 234, 235, 238, 239, 454, 492, 493-496, 510, 511, 516-518, 520, 521, 527-534, 536-539. 
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TABLE 11.5 BoNT for Cerebral Palsy-Associated Muscle Hypertonia: Evolution in Dosage Recommendations: 1997-2014 

(Pediatrics < 18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Upper Limb Only: Starting Dose 

Median starting 
dose' 

4.1 units/kg' 

7.3 units/kg' 

Not reported 

Not reported 

'(540) 

Median starting 
dosage range' 

2.7-6.2S units/kg' 

4.7-1 1 .4 units/kg' 

Not reported 

Not reported 

Maximum starting 
dose' 

19.3 units/kg' 

34.7 units/kg' 

Not reported 

Not reported 

Maximum Recommended Dose: Upper Limb 

201 2 (upper limb) 

19.3 units/kg' 

34.7 units/kg' 

Not reported 

Not reported 

'(540) 

Lower Limbs Only 

Distal lower limbs, 
mean dosage 

18.6 units/kg (±6.5 
units)' 




'(541) 

Maximum Dose: Combined Upper and Lower Limbs 

20 1 4 2 (based on 

2009 consensus 
recommendation) 

20 units/kg 2 

400 units (±600 
units) 

30 units/kg 2Jl 1,000 
units 

Adult studies 
suggested dose 
is equivalent to 

OBTA. However, 
data to support 
this are limited, 
particularly in 
children 2 


2 (250) 

3 (499) 

4 (51 5) 


( continued ) 
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TABLE 11.5 BoNT for Cerebral Palsy-Associated Muscle Hypertonia: Evolution in Dosage Recommendations: 1997-2014 

(Pediatrics < 18 Years of Age) (continued) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Maximum Dose: Combined Upper and Lower Limbs ( continued ) 

201 3 5 

20-30 units/kg 

500 units maximum 
dose per treatment 
session 5 

30 units/kg 

1,500 units 
maximum dose per 
treatment session 5 


Mean: 343.4 units/kg 

Range: 73.7-657.9 units/ 
kg 6 Mean: 8,959 units 7 

Range: 300-22,000® 

5 (254) 6 (543) 
7 (542) 

2009 2 

Dosage range 

1-20 units/kg (±25) 

1-20 (±25) units/kg 

Adult studies 
suggested dose 
is equivalent to 

OBTA. 2 However, 
data to support 
th is are limited, 
particularly in 
children 

Not established. Up to 

400 units/kg used in small 
pilot 8 


Max dose 

400 units (up 
to 600 units is 
reported; use 
doses >400 units 
withi caution 
in vulnerable 
patients) 

500-1,000 units 


Not established 


Max dose per 
injection site 

10-50 units 

50-250 units 


Not established 


2007 




50-200 units/kg, upper 
limbs only 6 



( continued ) 
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TABLE 11.5 BoNT for Cerebral Palsy-Associated Muscle Hypertonia: Evolution in Dosage Recommendations: 1997-2014 

(Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport*) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Maximum Dose: Combined Upper and Lower Limbs ( continued ) 

2006 9 

6-25 units/kg 9 

400-600 units 9 

11-25 units/kg 9 900 
units 9 


150-400 units/kg 9 

10,000 units 9 

8 (546) 9 (253) 
,0 (544) 

"(545) 

2006'° 

30 units/kg 




2004" 

Upper and lower 
limbs 

13-17 units/kg" 



Maximum 

400 units/kg 8 Maximum 
dose 10,000 units 

1999-2005 8 

12-20 units/kg 

400 units maximum 
dose per treatment 
session 12 

30-50 units/kg 

2,000 units 
maximum per 
treatment session 12 



12 (254) 

1997 12 

Upper and lower 
limbs 

4-7 units/kg 13 
(90-250 units) 13 

8-9 units/kg 13 

160-400 units 13 



,3 (509) 


Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum toxin; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; RBTB, rimabotulinumtoxinB. 
Sources: Refs. 250, 253, 254, 499, 509, 540-547. 
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TABLE 11.6 BoNT for Cerebral Palsy-Associated Upper Limb Muscle Hypertonia: Manufacturer Recommended Dosage/ 

Dilution Table (Pediatrics < 18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

U.S. FDA approval 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 


Approvals in 
countries outside 
the United States 1 

New Zealand 2 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

’Approved for 
pediatric upper 
limb spasticity 

Countries Outside the United States 

Biceps 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

2 The number of 
injection sites 
and location in 
each muscle is 
determined by the 
size of the muscle 
and the specific 
muscle group. 

Brachialis 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

Brachioradialis 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

Pronator quadratus 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

Pronator teres 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

FCR 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

FCU 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

FDP 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

FDS 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


( continued ) 
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TABLE 11.6 BoNT for Cerebral Palsy-Associated Upper Limb Muscle Hypertonia: Manufacturer Recommended Dosage/ 

Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Countries Outside the United States ( continued ) 

FPB 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 


FPL 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

Opponens pollicis 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

Adductor pollicis 

0.5-2 units/kg 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

Total dose 

3-8 units/kg or 

300 units 2 

Not an approved 
indication 

Not an approved 
indication 

Not an approved 
indication 

Dilution 

(concentration) 

100 units in 2-mL 

PFNS or 200 units 
in 4-mL PFNS 
(50 units/mL, 

5 units/0.1 mL) 

N/A 

N/A 

N/A 


Re-injection 

interval 

>12 weeks 

N/A 

N/A 

N/A 


Localization 

EMG, e-stim, US 

N/A 

N/A 

N/A 


Adverse events 


N/A 

N/A 

N/A 



Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum toxin; EMG, electromyography; e-stim, electrical stimulation; FCR, flexor carpi radialis; FCU, flexor 
carpi ulnaris; FDA, Food and Drug Administration; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; FPB, flexor pollicis brevis; FPF, flexor 
pollicis longus; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline; RBTB, rimabotulinumtoxinB ; US, ultrasound. 

Source: Ref. 240. Botox NZ Data Sheet Version 11. Medsafe: New Zealand Medicines and Medical Devices Safety Authority. Available at http://www.medsafe.govt.nz/profs/ 
datasheet/b/Botoxinj.pdf. Updated December 2013. 
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TABLE 11.7 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Upper Limb Muscle Hypertonia: Published 

Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Upper limb: Starting Dose 

Median starting 
dose 1 

4.1 units/kg 1 

7.3 units/kg 1 

Not reported 

Not reported 

'(540) 

Median starting 
dose range 1 

2.7-6.25 units/kg 1 

4.7-11.4 units/kg 1 

Not reported 

Not reported 


Maximum starting 
dose 1 

19.3 units/kg 1 

34.7 units/kg 1 

Not reported 

Not reported 


Average Dose In Patients <3 Years of Age 

Age <12 months 

Dose divided 
(>6 upper limb 
muscles and/or >4 
lower limb muscles) 

10.98 units/kg 1 

Not reported 

Not reported 

Not reported 

'(548) 

Age 12-24 months 
Dose divided 
(>6 upper limb 
muscles and/or >4 
lower limb muscles) 

11.89 units/kg 1 

Not reported 

Not reported 

Not reported 


Age 25-36 months 
Dose divided 
(>6 upper limb 
muscles and/or >4 
lower limb muscles) 

14.07 units/kg 1 

Not reported 

Not reported 

Not reported 
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TABLE 11.7 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Upper Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Average Dose In Patients <3 Years of Age ( continued ) 

Suggested 
maximum dose for 
combined upper 
and lower limbs 

10-20 units/kg 
up to 400 units 
(up to 600 units 
is reported; use 
doses >400 units 
with caution 
in vulnerable 
patients) 

10-30 units/kg 
up to 1,000 units 
(up to 1,500 units 
is reported; use 
doses >1,000 
units with caution 
in vulnerable 
patients) 

Dosage range not 
well established 

Mean: 343.4 
units/kg 

Range: 73.7-657.9 
units/kg 

Mean: 8,959 units 
Range: 300-22,000 
units 

1-10 muscles 2 

2 (542) 

Note: The optimal starting, retreatment, and maximum doses of BoNTs for pediatric patients are not well established, other than for a limited 
number of muscles. When calculating the dose per kg and total dose per treatment session, considerations should include: BoNT product to 
be used, diagnosis, comorbidities, patient age/weight, findings on clinical examination, severity of hypertonia, number/size of the muscles to 
be injected, treatment goals, if the patient is toxin-naive, response to prior treatment, and other dose modifiers. 

Clinicians should be aware that although dosages of >400 units of OBTA or of IBTA, >1000 units of ABTA, or >10,000 units of RBTB have been 
reported in the literature, the use of these high dosages may be associated with an increased incidence of adverse events. 

Latissimus dorsi 

1.13-3 units/kg 1 

1-3 units/kg 2 

3-5 units/kg 2 

1-3 units/kg 2 

10-25 units/kg 2 

’New Zealand 

Medsafe reported 
dose 

2 First author's 
initial dosage 
range 

3 (543) 

Pectoralis major 

0.6-3 units/kg 

3-5 units/kg 2 

1-3 units/kg 2 

12-25 units/kg 2 

Teres major 

0.5-3 units/kg 

3-5 units/kg 2 

1-3 units/kg 2 

17.8 units/kg 

10-15 units/kg 2 

Biceps brachii 

0.5-3 units/kg 3 

1-3 units/kg 2 

3-5 units/kg 2 

1-3 units/kg 2 

12.5-50 units/kg 3 
10-25 units/kg 2 

Biceps/brachialis 

1.2-2. 2 units/kg 1 

1-3 units/kg 

3-5 units/kg 2 

1-3 units/kg 2 

12.5-50 units/kg 3 


( continued ) 
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TABLE 11.7 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Upper Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Average Dose in Patients <3 Years of Age ( continued ) 

Brachialis 

0. 5-2.4 units/kg 1 





Elbow flexors 
(biceps, brachialis, 
brachioradialis) 

4.6 ± 0.36 units/kg 4 

Not reported 

Not reported 

Not reported 

4 (545) 

Brachioradialis 

0.5-2 un its/kg 1 

0.5-2 units/kg 2 

2.5-15 units/kg 2 

0.5-2 units/kg 2 

12.5- 50 units/kg 3 

7.5- 20 units/kg 2 


Pronator quadratus 

0.5-2 units/kg 1 

0.5-1 .5 units/kg 2 

2.5-10 units/kg 2 

0.5-1 units/kg 2 

7.5-15 units/kg 2 


Pronator teres 

0.5-3. 3 units/kg 1 

0.5-2 units/kg 2 

2.5-15 units/kg 2 

0.5-2 units/kg 2 

10-25 units/kg 2 


Pronators 
(pronator 
teres, pronator 
quadratus) 

2.03 ± 0.32 units/kg 4 

Not reported 

Not reported 

Not reported 


FCR 

0.5-2. 5 units/kg 

2.8-5 units/kg 

0.5-2. 5 units/kg 2 

12-25 units/kg 2 


FCU 

0.5-2. 3 units/kg 

2.6-5 units/kg 

0.5-2. 5 units/kg 2 

12-25 units/kg 2 


Wrist flexors (FCR, 
FCU) 

2.31 ± 0.73 units/kg 4 

Not reported 

Not reported 

Not reported 


FDP 

0.5-2 units/kg 

0.5-2. 5 units/kg 2 

1.5-5 units/kg 

0.5-2. 5 units/kg 2 

12-25 units/kg 2 


FDS 

0.5-2 units/kg 

2.9-4 units/kg 

0.5-2. 5 units/kg 2 

12-25 units/kg 2 


Finger flexors 
(FDP, FDS) 

3.13 ± 1.2 units/kg 4 

Not reported 

Not reported 

Not reported 
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TABLE 11.7 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Upper Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Average Dose in Patients <3 Years of Age ( continued ) 

FDI 

0.2-0. 8 units/kg or 
5-10 units 1 

2.5-5 units 2 

5-10 units 2 

2.5-5 units 2 

10-25 units 2 

5 (509) 

FPL 

0.5-2 units/kg 1 

0.5-2 units/kg 2 
Maximum 

50-60 units 

2.5-5 units/kg 2 
Maximum 75-100 
units 2 

0.5-2 units/kg 2 
Maximum 50-60 
units 2 

75-250 units 2 


FPB 

0.5-2 units/kg or 

5-10 units 1 

5-10 units 2 

2.5-5 units 2 

10-25 units 2 


Opponens pollicis 

0.5-2 units/kg or 

5-10 units 1 

2.5-5 units/kg 
Maximum 75-100 
units 

0.5-2 units/kg 2 
Maximum 50-60 
units 

75-250 units 


Adductor pollicis 

0.5-2 units/kg or 

5-10 units 1 

2.5-5 units/kg 
Maximum 75-100 
units 

0.5-2 units/kg 2 
Maximum 50-60 
units 

75-250 units 


Thumb (FPL, 

AdP, OP) 

2.5 units/kg 4 

Not reported 

Not reported 

Not reported 


Upper limb (biceps, 
brachialis, FCR, FCU, 

PT, FPL, FPB, AdP) 

4-7 units/kg 5 

90-250 units 5 

8-9 units/kg 5 

1 60-400 units 5 

Not reported 

50-200 units/kg 3 


Total dose (upper 
limb only) 

3-19 units/kg is 
common 

<300 units 1 

7.3-34 units/kg 

Not reported 

50-200 units/kg 3 



( continued ) 
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TABLE 11.7 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Upper Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Average Dose in Patients <3 Years of Age ( continued ) 

Total dose 
(combined upper 
and lower limbs) 

12-16 units is 

common 

28-32 units/kg has 
been reported 5 

10-20 units/kg 
(<1,000 units) is 

common 
<30 units/kg 
(<30,000 units) has 
been reported 

Limited data on 
dosage in pediatric 
patients 

Mean: 343.4 
units/kg 

Range: 73.7-657.9 
units/kg 

Mean: 8,959 units 
Range: 300-22,000 
units 

1-10 muscles 6 

6 (542) 

Dilution 

(concentration) 

100 units in 2-mL 

PFNS or 200 units 
in 4-mL PFNS (50 
un its/m L, 

5 units/0.1 mL) 

500 units in 

1-mL PFNS is 
most commonly 
reported dilution 
(500 units/mL or 

50 units/0.1 mL 

100 units in 2-mL 

PFNS or 200 units 
in 4-mL PFNS 
(50 units/mL, 

5 units/0.1 mL) 

RBTB does 
not require 
reconstitution. 

If desired, saline 
can be added 
to increase the 
dilution 




500 units in 

2.5-mL PFNS is 
also reported 
(200 units/mL, 

20 units/0.1 mL) 




(continued) 
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TABLE 11.7 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Upper Limb Muscle Hypertonia: Published 


Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Average Dose in Patients <3 Years of Age ( continued ) 

Retreatment 

Interval 

>12 weeks 

>12 weeks 

>12 weeks 

>12 weeks 


Localization 

Palpation, 
reference guides, 
EMG, e-stim, US 

Palpation, 
reference guides, 
EMG, e-stim, US 

Palpation, 
reference guides, 
EMG, e-stim, US 

Palpation, 
reference guides, 
EMG, e-stim, US 



Adverse events (see the boxed warning from each manufacturer for a complete list of adverse events): Common: injection site pain, bruising, muscle weakness, flu-like 
symptoms. Less common: dysphagia, diplopia, generalized weakness. 

Abbreviations: ABTA, abobotulinumtoxinA; AdP, adductor pollicis; BoNT, botulinum toxin; EMG, electromyography; e-stim, electrical stimulation; FCR, flexor carpi 
radialis; FCU, flexor carpi ulnaris; FDI, first dorsal interosseous; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; FPB, flexor pollicis brevis; FPL, 
flexor pollicis longus; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; OP, opponens pollicis; PFNS, preservative-free normal saline; PT, pronator teres; 
RBTB, rimabotulinumtoxinB; US, ultrasound. 

Sources: Refs. 232, 250, 252-254, 510, 540, 542-546, 548-553. 
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TABLE 11.8 BoNT for Cerebral Palsy-Associated Lower Limb Muscle Hypertonia: Manufacturer Recommended Dosage/ 

Dilution Table (Pediatrics < 18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

U.S. FDA approval 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 


UK MHRA 1 ' 5 

New Zealand 2 

Canada 3 

EU 4 

Pediatric CP M 

Dynamic equinus, 
pediatric CP 12 

Not currently 
approved for 
pediatric spasticity 

Currently not FDA 
approved 

1_4 CP > 2 years of 
age, ambulatory 
patients 

5 Only hospital 
specialists with 
training 

Gastrocnemius 
(medial and lateral 
heads) 

4 units/kg, total 
dose 1 

10-30 units/kg 
(per PI), focus is 
gastrocnemius. 

If the soleus and/ 
or tibialis posterior 
are involved, dose 
is divided. 

Not an approved 
indication 

Not an approved 
indication 

'2 units/kg per 
muscle, if bilateral 

2-4 units/kg per 
muscle 2 

4 units/kg 
unilateral, up 
to 6 units/kg if 
bilateral 3 ' 4 
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TABLE 11.8 BoNT for Cerebral Palsy-Associated Lower Limb Muscle Hypertonia: Manufacturer Recommended Dosage/ 

Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Soleus 

Not reported 

Focus is 

gastrocnemius. 

If the soleus and/ 
or tibialis posterior 
are involved, dose 
is divided. 1 

Not an approved 
indication 

Not an approved 
indication 


Tibialis anterior 

Not reported 

— 

Not an approved 
indication 

— 


Tibialis posterior 

Not reported 

Focus is 

gastrocnemius. 

If the soleus and/ 
or tibialis posterior 
are involved, dose 
is divided. 1 

Not an approved 
indication 

Not an approved 
indication 


Adductor group 

4 units/kg per 
muscle 2 

— 

Not an approved 
indication 

Not an approved 
indication 


Hamstrings 

2-4 units/kg per 
muscle 2 

— 

Not an approved 
indication 

Not an approved 
indication 


Maximum 
cumulative dose 2 

4-8 units/kg, Not 
to exceed 300-400 
units 2 

10-30 units/kg 
1,000-1,500 units 

Not an approved 
indication 

Not an approved 
indication 

^Use lower doses 
for smaller muscles 
or if there are 
concerns about 
weakness 

Combined upper/ 
lower limb 

Injection sites 

Varies per country 

4-8 units/kg 1 " 3 

Not specified 

10-30 units/kg 
1,000-1,500 units 

Not specified 

Not an approved 
indication 

N/A 

Not an approved 
indication 

N/A 

3 Higher doses 
associated with an 
increased risk of 
adverse events 


( continued ) 
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TABLE 11.8 BoNT for Cerebral Palsy-Associated Lower Limb Muscle Hypertonia: Manufacturer Recommended Dosage/ 

Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Dilution 

Not specified 

500 units with 1-mL 
PFNS 1 - 2 

N/A 

N/A 


Re-injection 

interval 

12-16 weeks 1 ’ 4 

12-16 weeks 

N/A 

N/A 

Localization 

Not specified 1 - 3 - 4 

EMG, e-stim, or US 
recommended 2 

EMG suggested 
to help identify 
muscles 1 - 2 

N/A 

N/A 

4 (242) 

Adverse events 

Muscle weakness, 
injection site pain, 
and/or bruising, 
flu-like symptoms, 
aspiration-related 
death 

Muscle weakness, 
injection site pain, 
and/or bruising, 
flu-like symptoms, 
aspiration-related 
death 

N/A 

N/A 



Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum toxin; EMG, electromyography; e-stim, electrical stimulation; FDA, Food and Drug Administration; 
IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline; RBTB, rimabotulinumtoxinB; US, ultrasound. 

Sources: Refs. 34-36, 38, 40, 240-244, 246, 247. 
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TABLE 11.9 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Lower Limb Muscle Hypertonia: Published 

Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Commonly 

6-1 2 units/kg 

10-20 units/kg 

Not established. 

Not established 

'(250) 

reported lower 

400 units 1 

500-1,000 units 1 

Adult studies 

due to limited data 


dosage ranges 



suggest dose 

from published 





equivalence 

studies. In 





to OBTA. This 

clinical practice, 





equivalence is 

200-400 units/kg 





not established 

or total dose of 





in adults or in 

2,500-10,000 are 





children 1 

reported. 


Commonly 

16-19 units/kg 

20-30 units/kg 15 ' 8 

Not established 1 

343-400 units/ 

2 (252) 

reported higher 

(<30 units/kg 

375-700 units 9 

16-19 units/kg 

kg 10,1 1 

3 (253) 

dose ranges 

reported) 1 ^ 1 

1000 units 15 - 7 

reported. 

Maximum dose: 

4 (541) 


Maximum dose 400 

1200 units 12 (<1500 

Maximum dose: 

8-10,000 units 10 

5 (499) 


units (<600 units 

units reported) 9 

Not established. 

9-22,000 units 11 

G (547) 


reported) 1 ^ 1 


Adult studies 


7 (554) 




suggest dose 


8 (556) 




equivalence 


9 (496) 




to OBTA. This 


10 (546) 




equivalence is 


"(542) 




not established 
in adults or in 
children 1 


,2 (555) 


( continued ) 
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TABLE 11.9 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Lower Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Patients <2 Years of Age: Reported Dosage Range, Lower Limbs 

Average dose 

Age 0-1 year 

7.2 units/kg 1 

19.5 units/kg 1 

Not reported 

Not reported 

’(256) 

Age 1-2 years 

8.8 units/kg 1 

23.6 units/kg 1 

Not reported 

Not reported 

Maximum dose 

Age 0-2 years 

14.29 units/kg 1 

37.5 units/kg 1 

Not reported 

Not reported 

Average dosage 
(combined for upper 
and lower limbs) 

Age 0-1 year 

10.98 units/kg 2 


Not reported 

Not reported 

2 (548) 

Age 1-2 years 

11.89 units/kg 2 


Not reported 

Not reported 

Note: The optimal starting, retreatment, and maximum doses of BoNTs for pediatric patients are not well established, other than for a 
limited number of muscles. When calculating the dose per kilogram and total dose per treatment session, considerations should include BoNT 
product to be used, diagnosis, comorbidities, patient age/weight, findings on clinical examination, severity of hypertonia, number/size of the 
muscles to be injected, treatment goals, if the patient is toxin-naive, response to prior treatment, and other dose modifiers. 

Clinicians should be aware that although dosages of >400 units of OBTA or of IBTA, >1000 units of ABTA, or >10,000 units of RBTB have been 
reported in the literature, the use of these high dosages may be associated with an increased incidence of adverse events. 

Published Dosage Ranges, Lower Limb Muscles (Pediatric Patient, <18 Years of Age) 

Large muscle 
groups 

3-6 units/kg 1 

Not reported 

Not reported 

1,000-5,000 units 2 

’(550) 

2 (546) 

Small muscle 
groups 

0.5-2 units/kg 1 

Not reported 

Not reported 

500-1,000 units 2 


( continued ) 
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TABLE 11.9 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Lower Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Hip Girdle 

Adductor group 

3-6 units/kg, 
divided 

7.5-15 units/kg 
per limb (up to 20 
units/kg per limb, 
if unilateral) 

Not reported 

1,000-5,000 units 1 

'(546) 

2 First author's 
initial dosage 
range 

Adductor brevis 

1.5-2 units/kg 

5 units/kg 

1 .5-2 units/kg 2 

1,000-5,000 units 1 

Adductor longus 

1 .6-2.4 units/kg 

5 units/kg 

1 .5-2.5 units/kg 2 

1,000-5,000 units 1 

Adductor magnus 

2-3 units/kg 

5 units/kg 

2-3 units/kg 2 

1,000-5,000 units 1 

Gracilis 

1.5-2. 2 units/kg 

5 units/kg 

1.5-2. 5 units/kg 2 

1,000-5,000 units 1 

Iliopsoas 

2-6 units/kg 

12 units/kg 

2-5 units/kg 2 

1,000-5,000 units 1 

Pectineus 

2-3 units/kg 

5 units/kg 

2-3 units/kg 2 

1,000-5,000 units 1 

Psoas 

2-6 units/kg 

3-7.5 units/kg 2 

2-5 units/kg 2 

1,000-5,000 units 1 

Knee Flexors/Extensors 

Hamstrings 

2-6 units/kg/muscle 

7.5-13 units/kg 

2-5 units/kg/ 
muscle 1 

1,000-5,000 units 2 

'First author's 
initial dosage 
range 

2 (546) 

Semimembranosis 

2-6 units/kg/muscle 

5-6.5 units/kg 

2-5 units/kg/ 
muscle 1 

1,000-5,000 units 2 


( continued ) 
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TABLE 11.9 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Lower Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Knee Flexors/Extensors ( continued ) 

Semitendinosis 

2-6 units/kg/muscle 

5-6.5 units/kg 

2-5 units/kg/ 
muscle 1 

1,000-5,000 units 2 


Biceps femoris 

2-6 units/kg/muscle 

5-7.5 un its/kg 1 

2-5 units/kg/ 
muscle 1 

1,000-5,000 units 2 

Quadriceps 

2-6 units/kg/limb, 
divided 

5-10.5 units/kg 

2-5 units/kg/limb, 
divided 1 

1,000-5,000 units 2 

Rectus femoris 

3-6 units/kg/muscle 

6-8 units kg 

2.5 units/kg/muscle 1 

1,000-5,000 units 2 

Vastus lateralis 

1.5-2 units/kg 1 

5 units/kg 

1.5-2 units/kg 1 

1,000-5,000 units 2 

Vastus medialis 

1.5-2 units/kg 1 

3-5 units/kg' 

1.5-2 units/kg 1 

1,000-5,000 units 2 

Calf Muscles 

Flexor digitorum 
longus 

2-3 units/kg 

3-5 units/kg 1 

1.5-3 units/kg 1 

500-1000 units 2 

'First author's 
initial dosage 
range 

2 (546) 

Flexor hall ucis 
longus 

2-3 units/kg 

3-5 units/kg 

2-3 units/kg 1 

500-1000 units 2 

Gastrocnemius 
(medial and lateral) 

2-6 units per limb, 
divided 

10-30 units/kg, 
divided 3 

2-6 units per limb, 
divided 1 

1,000-5,000 units 2 

3 (499) 

Gastrocnemius, 
lateral Fiead 

0.5-3 units/kg 

5-7.5 units/kg 

0.5-3 units/kg 1 

1,000-5,000 units 2 


(continued) 
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TABLE 11.9 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Lower Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Calf Muscles ( continued ) 

Gastrocnemius, 
medial head 

1 .5-3.9 units/kg 

5-7.5 units/kg 

1.5-4 units/kg 1 

1,000-5,000 units 2 


Soleus 

1 .5-6 units/kg 

3-7.5 units/kg 

1 .5-6 units/kg 1 

1,000-5,000 units 2 

Triceps surae 
(gastrocnemius and 
soleus) 

1 2 units/kg, divided 
(6 units/kg per 
side) 45 

" 

1 2 units/kg, divided 
(6 units/kg per 
side) 1 

1,000-5,000 units 2 

4 (557) 

5 (558) 

Tibialis anterior 

0.5-2 units/kg per 
muscle 

1 .5-5 units/kg 1 

0.5-2 units/kg 1 

1,000-5,000 units 2 


Tibialis posterior 

0.5-6 units/kg per 
muscle 

7.2-12.5 units/kg 

0.5-3 units/kg per 
muscle 1 

1,000-5,000 units 2 

Adducutor hallucis 

0.5-1 units/kg 

2-9 units/kg 

0.5-1 units/kg 1 

500-1000 units 2 

Flexor hallucis brevis/ 
flexor digitorum 
brevis/interossei 

5-10 units per 
muscle 


5-10 units per 
muscle 1 

500-1000 units 2 

Total dose 

4 units/kg 

3- 8 units/kg, not to 
exceed 300 units 7 

4- 6 units/kg, 89 
not to exceed 

200 units 6 - 8 - 9 

Initial: 10 units/kg, 
if unilateral 

20 units/kg, if 
bilateral 

Repeat: titrate to 

30 units/kg 6 ' 7 
Maximum 1,000 
units 67 8 or 24 
units/kg, maximum 
dose 1,200 units 11 

Not well 
established 

3-20,0000 units 
Dose/muscle: 
1,000-5,000 units 10 
for large muscles 
500-1,000 units for 
small muscles 

6 ' 7 Consider a 
lower dose for 
smaller muscles 
or for concerns 
about weakness 
6 (243); 7 (240) 

8 (241) 

9 (242) 

10 (546) 

"(555) 


( continued ) 


CHAPTER 11: BoNT FOR MUSCLE OVERACTIVITY ASSOCIATED WITH UMNS ■ 175 




TABLE 11.9 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Lower Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 



Calf Muscles ( continued ) 



Published total 

19-20 units/kg 

30 units/kg or 

Up to 19-20 units/ 

Mean 343.4 

12 (250) 

dose (units/kg) 

or 400 units (use 
caution with >400 
units) 12 

1,000-1,500 units 

kg is reported (up 
to 400 units total) 

units/kg 13 

Range: 73.7 units/kg 
(1 muscle injected) 
657.9 units/kg 
(10 muscles injected) 
110-970 units/kg, mean 
350 units/kg, maximum 
dose 10,000 units 14 

13 (542) 

14 (496) 

Maximum dose 
(units per 
injection site) 

50 units 

100-125 units 

Maximum 
dosage is not 
established. Dose 
equivalence to 

OBTA is reported 
in adult studies. 
Equivalence 
has not been 
established in 
head-to-head 
clinical trials in 
either pediatric or 
adult patients. 



Injection sites 

Large/long muscles: 
2-4 

Medium muscles: 

2-3 

Small muscles: 1 

Large/long muscles: 
2-4 

Medium muscles: 

2-3 

Small muscles: 1 

Large/long muscles: 
2-4 

Medium muscles: 

2-3 

Small muscles: 1 

Large/long muscles: 
2-4 

Medium muscles: 

2-3 

Small muscles: 1 



( continued ) 
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TABLE 11.9 BoNT for Cerebral Palsy/Acquired Brain Injury-Associated Lower Limb Muscle Hypertonia: Published 
Studies Dosage/Dilution Table (Pediatrics < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 



Calf Muscles ( continued ) 



Dilution 

Weight <20-25 kg: 

100 units in 1-mL 

PFNS 

Weight >20-25 kg: 

100 units in 2-mL 

PFNS is commonly 
reported 

500 units/1-mL 

PFNS is common 

200 units in 2.5-mL 
PFNS for larger 
patients (weight 
>20-25 kg) 

100 units in 1-mL 

PFNS 

Does not require 

reconstitution/ 

dilution 


Retreatment 

Interval 

12-16 weeks 

12-16 weeks 

12-16 weeks 

12-16 weeks 


Local ization ,5 ' ,6 ' ,7 ■ 18 

EMG, e-stim, US, 

EMG, e-stim, US, 

EMG, e-stim, US, 

EMG, e-stim, US, 

15 (541) 


and/or motor point 

and/or motor point 

and/or motor point 

and/or motor point 

,6 (233) 


localization 

localization 

localization 

localization 

17 (90) 

18 (1 07) 

Adverse events 

Muscle weakness, 
injection site pain/ 
bruising, flu-like 
symptoms, 
aspiration-related 
deaths 

Muscle weakness, 
injection site pain/ 
bruising, flu- 
like symptoms, 
aspiration-related 
deaths 

Muscle weakness, 
injection site pain/ 
bruising, flu-like 
symptoms, 
aspiration-related 
deaths 

Muscle weakness, 
injection site pain/ 
bruising, flu-like 
symptoms, 
aspiration-related 
deaths 



Note: The published dosage range and dose per muscle groups are suggestions, not absolute recommendations. Other than for a few select muscles, the optimal starting 
dose, retreatment dose, and maximum doses for pediatric patients are not established. When calculating the dose per kilogram of BoNT product, if the calculated dose 
per kilogram exceeds the recommended or typically prescribed adult dose, the lower dose should be used. 

When calculating the dose per kilogram and total dose per treatment session, considerations should include BoNT product to be used, number of muscles to be injected, 
number of injection sites per muscle, physical examination findings, severity of hypertonia, size of muscle to be injected, treatment goals, medical comorbidities, if the 
patient is toxin-naive, the response to prior treatment, and other dose modifiers. 

Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum toxin; EMG, electromyography; e-stim, electrical stimulation; FDA, Food and Drug Administration; 
IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline; RBTB, rimabotulinumtoxinB ; US, ultrasound. 

Sources: Refs. 7, 86, 232, 250, 252-254, 256, 496, 499, 504, 510, 541, 542, 544-564. 
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Botulinum N eurotoxin for 
the Treatment of Trunk 
Dystonia/Camptocormia 

Katharine E. Alter, MD 
Codrin Lungu, MD 



Condition 

Dystonia is a movement disorder characterized by involuntary muscle contraction 
leading to sustained or intermittent postures. Dystonia involving trunk muscles (chest, 
back, abdominals) is seen in patients presenting with idiopathic generalized primary 
dystonia, primary segmental dystonia, and secondary dystonia. These include motor 
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neuron syndromes (amyotrophic lateral sclerosis [ALS], etc.), neurodegenerative 
conditions (Parkinson disease [PD], multisystem atrophy [MS]), and dementia, and 
may be seen in patients with dystonia associated with upper motor neuron syndromes 
(UMNS). Other potential causes of trunk dystonia include side effects from medica- 
tions, including neuroleptic medications and anticholinesterase inhibitors (188, 259). 

Patients rarely present with isolated trunk dystonia and the majority of patients 
with trunk dystonia also have dystonia involving other body segments. Bent spine 
syndrome, or camptocormia with trunk flexion greater than 45 degrees, and Pisa syn- 
drome (axial deviation) are two types of trunk dystonia (188, 260, 261). Trunk dysto- 
nia is reported to be present in 39% to 50% of patients with cervical dystonia and in 
3% to 12% of patients with PD (260, 262). Idiopathic scoliosis is also believed to be a 
form of dystonia, although this association is not fully established (263). 

Nondystonic causes of excessive trunk flexion include primary or secondary 
myopathies, myositis, mitochondrial disorders, polyneuropathy, spinal muscular atro- 
phy, and ALS. In these patients, trunk flexion is due to weakness in the trank extensors, 
rather than due to dystonic contraction of the trank flexors (264-267). Musculoskeletal 
causes of trunk flexion also include spondyloarthropathies (e.g., ankylosing spondylitis 
and Scheuermann’s disease). Rarely, camptocormia may be seen due to psychiatric 
conditions or may be psychogenic (264). 

Clinical/F unctional Impact 

In patients with trunk dystonia, excessive muscle contraction leads to abnormal pos- 
tures, including trank flexion, rotation, extension, and/or combinations of these posi- 
tions. Dystonia may cause pain, interfere with breathing/swallowing, lead to spinal 
deformity, and affect appearance. Abnormal postures may affect sitting, standing, 
walking, and various activities of daily living (ADLs). An inability to stand erect may 
also affect vision, further limiting ADLs, reading, watching TV, or walking. Abnormal 
postures may occur at rest, may be positional or task specific, and/or may be present in 
multiple positions/activities (260, 264, 268). 

Pattern of Involvement 

A patient’s posture/trunk position is determined by the specific muscles involved in 
maintaining that posture. Patients present with various abnormal postures, including 
flexion, rotation, extension, and combinations of these postures/movements. Pure flex- 
ion occurs with symmetrical involvement of abdominal muscles, primarily the rectus 
abdominis, but also with symmetric contraction of the internal/external oblique mus- 
cles. Asymmetric involvement of the rectus abdominis and/or the intemal/external 
oblique muscles will lead to flexion and rotation in the direction of the more active mus- 
cles. Pure rotation can also occur, typically with unilateral external or internal oblique 
involvement. Extension and/or extension and rotation may occur with involvement of 
the erector spinae group and the deep and superficial rotators of the spine. Excessive 
flexion may also be due to flexion at the hip joint with dystonic contraction in the hip 
flexor muscles (e.g., iliacus, psoas and pectineus). Evaluation of the patient at rest, sit- 
ting, and walking will assist in determining the pattern of involvement. 
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Evaluation 

Evaluation starts with a detailed medical history and physical examination. In many 
patients, the history and physical examination will point to the diagnosis. If the 
history or physical examination is suggestive of a peripheral nervous system disorder 
(i.e., polyneuropathy or myopathy), the patient should be referred for electrodiagnostic 
testing and/or needle electromyography (EMG) and blood work/genetic testing 
(264, 268). In patients with trunk dystonia, brain imaging may reveal atrophy or 
calcification of the basal ganglia or other abnormalities. Spine MRI is useful to rule out 
musculoskeletal causes of trunk flexion or atrophy of the extensor muscles. In patients 
with myositis or myopathy, needle EMG may reveal myopathic motor units, posi- 
tive sharp waves, fibrillations, and complex repetitive discharges (269, 270). A muscle 
biopsy may be required to establish a diagnosis of myopathy, although the role of mus- 
cle MRI imaging for establishing a diagnosis of myopathy is expanding. Gait analysis 
may be helpful in evaluating kinematic and EMG abnormalities in patients with trunk 
dystonia. The findings on EMG may be helpful in muscle selection for botulinum 
neurotoxin (BoNT) treatment. 

Treatment 

Selection of the most appropriate treatment option requires establishing the correct 
etiology of a patient’s posture. Patients with trunk flexion due to extensor weakness or 
myopathy will not benefit from treatment options that reduce involuntary or excessive 
muscle contraction. For an established diagnosis of trunk dystonia, treatment options 
include rehabilitation therapy (strengthening, range of motion, gait training, splint- 
ing/braces, and others). Oral medications, including anticholinergics and L-dopa, are 
rarely effective for the treatment of trunk muscle dystonia, but may be useful for some 
patients (264, 268). Most patients discontinue oral medications due to intolerable 
side effects or limited benefits. Intrathecal baclofen therapy or deep brain stimulation 
should be considered for patients who fail or have a less-than-optimal response to less 
invasive treatment options (188, 264). 

BoNT injections have been used for many years for the treatment of primary and 
secondary dystonia, including trunk dystonia. BoNT injections may provide sympto- 
matic relief from the dystonic movements, reduce involuntary movements/postures, 
and improve pain, quality of life, and function (23, 264, 268, 271, 272). Target mus- 
cles include abdominal flexors (rectus abdominis), flexors/rotators (internal/external 
obliques), hip flexors (iliopsoas, psoas, iliacus, pectineus), spinal rotators (multihdus), 
and trunk extensors (the erector spinae group). 

BoNTs Approved for the Treatment of Trunk Dystonia 

None of the four BoNT products that are currently approved by the FDA in the United 
States ( abobotulinumtoxinA [ABTA], incobotulinumtoxinA [IBTA], onabotulinum- 
toxinA [OBTA], and rimabotulinumtoxinB [RBTB]) carry approval specifically for 
the treatment of trunk muscle dystonia. Therefore, the use of BoNTs for the treatment 
of the various forms of trunk dystonia is off-label (34, 36, 38, 44). 
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Approvals Outside the United States 

None of the four FDA-approved BoNT products are approved outside the United 
States for the treatment of trunk muscle dystonia. In addition, none of the other BoNT 
products available outside the United States are currently approved for the treatment 
of trunk muscle dystonia. Therefore, the use of BoNTs for the treatment of the various 
forms of trunk dystonia is off-label in other countries. 

Level of Evidence 

There are no published review articles on the topic of BoNT injections for the treatment 
of trunk muscle dystonia. The majority of the peer-reviewed studies published on this 
topic are case reports and case series. Using the search terms botulinum toxin A, botu- 
linum toxin B, botulinum toxin, Botox, Dysport, Xeomin, Myobloc, NeuroBloc and 
trunk dystonia revealed a single placebo-controlled trial of ABTA (Dysport) for the 
treatment of axial trunk dystonia. A number of case reports and case series were also 
reviewed. The preceding search returned no peer-reviewed, published studies evaluat- 
ing Myobloc or NeuroBloc for the treatment of trunk dystonia. 

The currently available literature was reviewed using the American Academy of 
Neurology Classification of Quality of Evidence for Clinical Trials (138). The level of 
evidence for BoNT serotypes A and B currently supports a Level U (Data inadequate 
or conflicting: given current knowledge, treatment is unproven) recommendation. The 
single nonrandomized, placebo-controlled trial for ABTA did not meet the criteria for 
a Level C (Possibly effective, ineffective, or harmful for the given condition in the 
specified population) recommendation. 

The majority of the published studies evaluated ABTA and OBTA for trunk dys- 
tonia (abdominal flexors, trunk extensors, and hip flexors). Clinicians should consider 
this when contemplating BoNT therapy for the treatment of trunk muscle dystonia. 
Additional studies for each of the available toxins are needed to determine the optimal 
starting dose per muscle, optimal effective dose per muscle(s), maximum dose, dilu- 
tion, and optimal targeting technique(s) for the treatment of trunk muscle dystonia. 

Injection Pattern/Technique 

Muscle selection for BoNT therapy is based on clinical presentation and evaluation of 
patients during functional tasks. Surface or fine- wire EMG, particularly when performed 
in conjunction with kinematic testing in a gait lab, may be helpful in patients with com- 
plex postures. Repeat testing may be useful in documenting clinical improvement. 

Although some clinicians perform BoNT injections using only anatomic refer- 
ence guides, surface anatomy, and palpation, many clinicians use adjunct localization 
methods. BoNT injections, particularly for the deep trunk or hip flexor muscles, are 
typically performed using either EMG or ultrasound (US) guidance or EMG and US 
in combination. US has the advantage of providing direct visual feedback of the mus- 
cle depth and location of target muscles, as well as nontargeted structures, including 
viscera, vessels, nerves, and nontargeted muscles. EMG provides auditory feedback of 
muscle activity, which may aid muscle selection (271, 273, 274). 
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Dosage 

The use of BoNTs as a class and of each individual commercial BoNT product 
remains off-label for the treatment of trunk dystonia. Therefore, there is no manufac- 
turers’ published data on starting dose. The maximum recommended dose for each 
product for labeled indications is available in the full prescribing information (34, 
36, 38, 44). There are a limited number of controlled studies of BoNT therapy for the 
various forms of trunk muscle dystonia, most of which are case series or case studies. 
Therefore, the appropriate starting dose, optimal effective dose, and maximum dose of 
each of the BoNT products have yet to be established. 

OnabotulinumtoxinA (OBTA, Botox®) 

The published dosage range for OBTA for the treatment of trunk dystonia is 10 to 
600 units. Detailed information on the published dosage range and dose per mus- 
cle of OBTA for the treatment of trunk dystonia is presented in Table 12.1 (96, 272, 
274-277). 

AbobotulinumtoxinA (ABTA, Dysport®) 

The published dosage range for ABTA for the treatment of trunk dystonia is 20 to 
3,000 units. Doses higher than 1,000 units were reported with a higher incidence of 
adverse events. Detailed information on the published dosage range and dose per mus- 
cle of ABTA for the treatment of trunk dystonia is presented in Table 12.1 (96, 271, 
275, 278-280). 

IncobotulinumtoxinA ( IBTA , Xeomin®) 

The published dosage range for IBTA for the treatment of trunk dystonia is 10 to 300 
units. Detailed information on the published dosage range and dose per muscle of 
IBTA for the treatment of trunk dystonia is presented in Table 12.1 (96, 273). 

RimabotulinumtoxinB (RBTB, Myobloc®/NeuroBloc®) 

There is no published data on the use of RBTB specifically for the treatment of trunk 
muscle dystonia. The starting dose, dose per muscle, and dosage range for RBTB rec- 
ommended by the first author (KEA) for the treatment of trunk dystonia are included 
in Table 12.1. 

Toxin Dilution 

Dilution with preservative-free normal saline (PFNS, 0.9%) is recommended by the 
manufacturers of OBTA, ABTA, and IBTA (34, 36, 38). 

OBTA 

The most commonly reported dilution is 100 units with 1-mL PFNS. 

ABTA 

Dilutions of 300 units in 1.5-mL PFNS or 500 units in 2.5-mL PFNS result in a con- 
centration of 200 units/mL or 20 units/0.1 rnL. Dilution of 500 units in 4-mL PFNS is 
also reported, resulting in a concentration of 125 units/mL or 12.5 units/0.1 mL. 



CHAPTER 12: BoNT FOR THE TREATMENT OF TRUNK DYSTONIA/CAMPTOCORMIA ■ 183 


IBTA 

The most commonly reported dilution is 100 units with 1-mL PFNS. 

RBTB 

RBTB is provided in solution and does not require reconstitution or dilution. If addi- 
tional dilution is desired, PFNS can be added to the vial to arrive at the desired dilution. 

Targeting Techniques 

The majority of published articles report the use of a supplementary localization technique 
(in addition to inspection/palpation). Reported techniques included EMG, B-mode US, 
and computed tomography (CT) imaging. EMG provides the advantage of auditory or vis- 
ual feedback regarding the degree and intensity of muscle contraction. US and CT provide 
direct visual feedback of the location and depth of target muscles, as well as the proximity 
and location of nontargeted muscles or other structures. US has significant advantages 
over CT in that machines are portable, the procedure is less costly, and there is no ionizing 
radiation. Chapter 4 in this text provides a review of the various localization techniques 
used in BoNT injections. In addition, there are other published reviews of localization 
techniques (90, 281). Current data are conflicting whether any supplementary technique 
is superior to palpation/inspection and, if so, which technique is superior (271, 273, 274). 
Additional comparison studies are required to evaluate which technique is superior. 

Clinical Effect 

Many, but not all, patients report improvement in symptoms or functional benefit follow- 
ing BoNT treatment of trunk dystonia. Up to 87% of patients treated for camptocormia 
report improvement in pain or posture (272). In studies evaluating the effect of BoNTs 
on trunk flexion in camptocormia, authors reported a greater benefit when abdominal 
muscles or abdominal muscles and hip flexors were injected than when the iliopsoas was 
injected in isolation (268, 271-274). In a placebo-controlled trial evaluating the effects 
of ABTA on lateral axial deviation (LAD), Bonanni et al. reported that 6 of 9 patients 
(67%) demonstrated benefits in LAD measures, pain, or function. They also reported that 
1 of 9 patients reported subjective improvement and 2 of 9 had no improvement (279). In 
the same study, 7 of 9 patients (78%) reported a “remarkable” improvement in pain (279) 
and a mean reduction in pain of 31 points (measured on the visual analog scale), with 
a range of improvement from 19 to 55 points (279). Given the limited response to oral 
medications and reports of improvement with BoNTs, clinicians should consider this 
therapy for patients with symptomatic trunk dystonia who fail less invasive treatment. 

Adverse Events/Side Effects 

The most commonly reported adverse events include pain at the injection site and weak- 
ness in both injected/targeted and nontargeted muscles. Abdominal wall prolapse has 
been reported with the treatment of abdominal muscles at doses exceeding 500 units of 
OBTA or 2,000 units of ABTA. Worsening of trunk flexion and systemic side effects have 
been reported when the iliopsoas is injected with ABTA doses higher than 1,000 units. 
Rare or less common adverse events will be listed in the boxed warning and in the full 
prescribing information of each of the commercially available preparations. 



TABLE 12.1 BoNTs for the Treatment of Trunk Muscle Dystonia: Dosage and Dilution Table (Adults >18 Years of Age) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Rectus Abdominis 

Starting dosage 

Dosage range 

Mean dosage 

Published dosage 

Injection sites 

10-60 units/side 

100-300 units/ 
side 

Not reported 

500-600 units 1 

2-8 sites/side 

40-240 units/side 

40-320 units/side 

Not reported 

2,000 units 1 

2-8 sites/side 

10-50 units/side 

10-300 units/side 

210 units 

600 units 

50 units/site 

2-8 sites/side 

250-750 units/side 2 

250-2,500 units/side 2 

N/A 

5,000 units 2 

2-8 sites/side 

’Doses >500 units OBTA 
or >2,000 units ABTA in 
abdominal muscles Fiave 
been associated withi 
abdominal wall prolapse. 

2 First authior's dosage range. 
3 Guidance with CT or US is 
recommended for proximal 
or trans-abdominal iliopsoas 
injections. US guidance is 
suggested for distal iliopsoas 
injections. 

External Oblique 

Starting dosage 

Not reported 

Not reported 


Not reported 

250-500 units/side 2 


Published dosage 
range 

5-10 units/side 

20-40 units/side 


5-10 units/side 

250-1,500 units/side 2 


Injection sites 

1-3 

1-3 


1-3 

1-3 
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TABLE 12.1 BoNTs for the Treatment of Trunk Muscle Dystonia: Dosage and Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Internal Oblique 

Starting dosage 

Not reported 

Not reported 

Not reported 

250-500 units/side 2 


Published dosage 
range 

5-10 units/side 

20-40 units/side 

5-10 units/side 

250-1,500 units/side 2 


Injection sites 

1-3 

1-3 

1-3 

1-3 


Transversus Abdominis 

Starting dosage 

Not reported 

Not reported 

Not reported 

250-500 units/side 2 


Published dosage 
range 

5-10 units/side 

20-40 units/side 

5-10 units/side 

250-1,500 units/side 2 


Injection sites 

1-3 

1-3 

1-3 

1-3 


Iliopsoas 3 

Starting dosage 

25-80 units 

100-300 units/side 

25-80 units 

250-500 units/side 2 


Published dosage 
range 

100-300 

units/side 

100-700 units 
(100-1,500 units/ 
side 1 ) 

25-300 units 

250-1,500 units 2 


Injection sites 

1-3 per muscle 

1-3 per muscle 

1-3 per muscle 

1-3 per muscle 



( continued ) 
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TABLE 12.1 BoNTs for the Treatment of Trunk Muscle Dystonia: Dosage and Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Paraspinal Muscles (Extension) 

Starting dosage 

60-100 units/side 

240-500 units/side 

60-100 units/side 2 

250-500 units/side 2 


Dosage range 

60-1 50 units/side 

250-750 units/ side 

60-150 units/side 2 

250-2,500 units/side 2 


Maximum total 
dose 

300 units 

500-1,000 units 

200-300 units 2 

5,000 units 2 


Extension, lateral 
deviation 

75-1 50 units on 
side of deviation 

100-300 units on side 
of deviation 2 

75-1 50 units on 
side of deviation 2 

250-1,500 units on side 
of deviation 2 


Injection sites 

1-6 per side 

1-6 per side 

1-6 per side 

1-6 per side 


Maximum units 
per injection site 

50 units 

75-100 units 

50 units 

Not reported 


Total dosage per 
treatment session 

300-800 units 1 

500-3,000 units 1 

100-300 units 

Not reported 


Dilution 

(concentration) 

100 units in 1-mL 
PFNS (100 units/ 
mL), 100 units 
in 2-mL PFNS 
(50 units/mL), 

200 units in 2-mL 
PFNS (100 units/ 
mL), or 200 units 
in 4-mL PFNS 
(50 units/mL) 

300 units in 1 .5-mL 
PFNS (200 units/mL), 
500 units in 2. 5-mL 
PFNS (200 units/mL), 
or 500 units in 4-mL 
PFNS (125 units/mL) 

100 units in 1-mL 
PFNS (100 units/mL) 
or 100 units in 2-mL 
PFNS (50 units/mL) 

Provided in solution 
(5,000 units/mL) 

No dilution required 
PFNS may be added 
to the vial if a higher 
dilution is desired 
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TABLE 12.1 BoNTs for the Treatment of Trunk Muscle Dystonia: Dosage and Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 
(Dy sport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Adverse events 

Weakness, 
injection site 
pain (see full 
prescribing 
information 
boxed warning) 

Weakness, injection 
site pain (see 
full prescribing 
information boxed 
warning) 

Weakness, injection 
site pain (see 
full prescribing 
information boxed 
warning) 

Weakness, injection 
site pain (see full 
prescribing information 
boxed warning) 


Reported Guidance 
Techniques 

Palpation, EMG, E-stim, CT, US 


Abbreviations: ABTA, abobotulinumtoxinA; CT, computed tomography; EMG, electromyography; E-stim, electrical stimulation; IBTA, incobotulinumtoxinA; OBTA, 
onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, rimabotulinumtoxinB; US, ultrasound. 

Sources: Refs. 34, 36, 38, 44, 268, 271, 272, 273, 274, 275, 276, 277 , 278, 279, 280 
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Condition 

Tremor is a hyperkinetic movement disorder characterized by rhythmic or 
semirhythmic oscillatory movements of one or more body parts and is due to invol- 
untary contractions of agonist/antagonist muscle pairs. Some common forms of 
tremor include action tremor (AT), postural tremor (PT), the rest tremor associ- 
ated with Parkinson disease (PD), dystonic tremor (DT), and occupational tremor. 
Tremor is also seen in association with various neurological disorders, includ- 
ing multiple sclerosis, peripheral nerve entrapment, and metabolic disorders 
(e.g., hyperthyroidism), and with psychogenic causes. Tremor may or may not limit 
function depending on its severity. In many cases, tremor can cause significant dis- 
ability and/or emotional distress. A full discussion of the various types of tremor 
and their causes and treatments is beyond the scope of this chapter. This chapter 
provides a brief review of the more common types of tremor (essential tremor [ET], 
DT, PD) and the role of botulinum neurotoxin (BoNT) injections for the treatment 
of these types of tremor. Evidence supporting the use of BoNT injections for the 
treatment of tremor is also provided. 

Essential Tremor 

ET is a clinical diagnosis and is the most commonly reported movement disorder in 
elderly adults. It is frequently familial but may also be seen in association with other 
neurological disorders (282). Patients with ET present with a kinetic tremor, a PT, or 
both. In some cases, ET may also be present at rest. ET most often affects the upper 
limbs and hands, but it may also affect (in decreasing order of incidence) the lower 
limbs, voice, tongue, face, and trunk. Key neurophysiologic studies of ET have estab- 
lished specific criteria for the diagnosis of ET (283, 284). For example, tremor fre- 
quency is classically >4 Hz (5-7Hz). If present at rest, the ET tremor is 1.5 Hz slower 
than an AT or PT. There is also a decrease in the dominant tremor frequency when 
a weight is applied to the affected body part. Although ET is generally considered a 
benign condition, it can cause significant functional disability, limit quality of life, and 
cause emotional distress. Readers are referred to several excellent reviews for detailed 
information related to the evaluation of ET (282, 285, 286). 

Dystonic Tremor 

Tremor or tremor-like movements are fairly common in patients with dystonia 
affecting the upper limbs or head and neck. Tremor is particularly common in cervical 
dystonia (CD), affecting up to 68% of patients (282, 287, 288). Postural, action, or rest 
tremor can all be seen in patients with DT. In patients with writer’s cramp or CD, it 
may be difficult to distinguish whether the observed tremor is due to dystonia or ET. 
Overall, however, the tremor associated with DT is less regular than that seen in ET. 
A consensus statement published in 1998 outlined definitions of the clinical features 
of DT, including tremor in the body part affected by dystonia, irregular amplitude, 
and variable frequency, and in some cases, task specificity (e.g., in writer’s cramp). 
DT may also be an isolated finding in patients with a positive family history of a 
genetic dystonia (289). 
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Tremor Associated with Parkinson Disease 

PD is one of the most common neurodegenerative disorders in adults and includes 
many motor and cognitive symptoms. The motor features of PD include bradykinesia, 
rigidity, gait disturbance, and tremor (268). The typical tremor associated with PD 
includes the well-recognized, pill-rolling rest tremor that may also re-emerge with 
posture or during certain functional tasks. This re-emergent PT may have a significant 
impact on functional use of the hand, affecting activities of daily living (ADLs) such 
as holding a cup, tool, newspaper, or other objects. 

Clinical/F unctional Impact 

Head tremor associated with CD may limit a variety of ADLs including driving, 
reading, viewing TV/movies, computer work, and may cause social embarrassment/ 
distress. Hand tremor associated with ET and DT (e.g., focal hand dystonia and 
writer’s cramp) or PD may have a wide-ranging impact on ADLs, with both avoca- 
tional and vocational tasks. 

Pattern of Involvement 

As noted, ET may affect any part of the body, but most commonly affects the upper 
limbs, including distal and proximal muscle pairs. DT of the upper limb can also 
involve both proximal and distal muscles. Upper limb tremor in PD is often distal, 
involving forearm/wrist/hand muscles. Commonly affected agonist/antagonist mus- 
cle pairs include wrist and finger flexors/extensors, forearm supinator/pronators, and 
elbow flexor/extensors. Tremor of the head and neck is common in CD, often in a 
side-to-side direction, affecting various muscles including the sternocleidomastoid, 
splenius (capitis and/or cervicis), and deep occipital group (obliquus capitis inferio- 
ris). Tremor may also involve lower limb, facial, and axial muscles in PD (268). 

Evaluation 

For evaluation of dystonia, see the chapters in this book specific to this topic. ET and 
PD are diagnosed clinically. Classic features of ET include a bilateral, often symmetric, 
postural and kinetic tremor that can occur with or without a rest tremor. Conversely, 
PD is characterized by a tremor that is most prominent at rest, but may re-emerge, after 
a brief pause, when maintaining a posture, or with targeted movements. Evaluation of 
tremor in these disorders first involves an assessment of the tremor with the affected 
body part in a supported, resting position (e.g., arms in lap). Mental distraction with 
tasks like counting backward may be used to enhance the rest tremor. The affected 
body part is then challenged by maintaining a posture against gravity (e.g., arms out- 
stretched) and then with kinetic tasks, such as targeted hnger-to-nose movements or 
nontargeted tasks, like pouring water between glasses. Further evaluation involves 
having the patient draw an Archimedes spiral, write, or draw a line between lines 
that are increasingly close together. Through all these tests, the examiner assesses the 
frequency, rhythmicity, amplitude, and axis of the tremor to determine which agonist/ 
antagonist muscle pairs are contributing to the movements. 
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Treatment of Essential Tremor 

Treatment of ET is reserved for patients with symptomatic tremor that limits function 
or causes distress. Treatment options include nonpharmacologic, pharmacologic, 
BoNT injections, and surgical interventions. All patients should be counseled to avoid 
caffeine and other stimulants that may worsen tremor. The effects of ethyl alcohol in 
reducing ET are well known, but use is limited by the adverse effects of intoxication 
and social consequences of chronic use. In addition, tremor may increase temporar- 
ily when the effects of alcohol wear off. Treatment options include oral medications, 
specifically beta-blockers, gabapentin, primidone, topiramate, clonazepam, and com- 
binations of these drags. Widely accepted alternative treatment options for patients 
who fail to respond, or have an inadequate response to oral medications, include BoNT 
injections and deep brain stimulation (DBS) (282, 290, 291). Other treatment options, 
such as gamma knife surgery, are under investigation and are also not used routinely. 
Readers are referred to several excellent reviews for detailed information related to the 
evaluation and treatment of ET (282, 285, 286). 

Treatment of Dystonic Tremor 

Like ET, treatment of DT is reserved for patients with symptomatic, distressing, or 
functionally limiting tremor. The treatment of DT largely focuses on treatment of the 
underlying dystonia. (See introduction and chapters on various subtypes of focal dysto- 
nia for a review of treatment options including oral medications and surgical treatment 
options.) BoNT injections in the agonist/antagonist muscles causing the tremor may be 
helpful in reducing the amplitude of the DT and thereby improving function (268, 292). 

Treatment of Tremor Associated with Parkinson Disease 

Levodopa and dopamine agonists are the principal pharmacological treatments for the 
motor features of PD, including tremor. However, of the motor symptoms of PD, tremor 
is often most resistant to oral medications. BoNT injections or DBS may be options for 
patients whose symptoms are inadequately controlled with medications (268). 

BoNTs Approved for the Treatment of Tremor in the United States 

None of the four BoNT products that are currently approved by the Food and Drug 
Administration (FDA; abobotulinumtoxinA [ABTA], incobotulinumtoxinA [IBTA], 
onabotulinumtoxinA [OBTA], and rimabotulinumtoxinB [RBTB]) carry approval 
specifically for the treatment of tremor. Therefore, the use of BoNT for the treatment 
of the various forms of tremor is an off-label use (34, 36, 38, 44). 

BoNTs Approved for the Treatment of Tremor Outside the United States 

None of the four FDA-approved BoNT products (ABTA, IBTA, OBTA, and RBTB) 
are approved in countries outside the United States for the treatment of tremor. 
Therefore, the use of BoNT for the treatment of the various forms of tremor is off- 
label in other countries. 
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Level of Evidence 

There are a limited number of studies evaluating the effect of BoNT therapy for tremor 
including ET, DT, and PD-related tremor. Most published studies are case series and 
case studies. 

Evidence for BoNT for Essential Tremor 

Hallett et al. reviewed the evidence for ET using the American Academy of Neurology 
Classification of Quality of Evidence (138, 197). Using these guidelines, the authors 
reviewed three Class II studies of OBTA for hand ET and one study of head ET. All 
studies reported modest benefit. The authors reported a Level B (Probably effective) 
recommendation for OBTA for the treatment of tremor and a Level U (Unproven) rec- 
ommendation for ABTA, 1BTA, and RBTB (197). Similarly, Zappia et al. conducted 
a systematic review of the literature for the treatment of ET that included nine articles 
related to the use of serotype A BoNTs for ET affecting the hand, head, and voice 
(286). Two randomized controlled trials, one crossover trial, and six case series were 
identified. All reported mild to moderate benefit. The authors concluded that serotype 
A BoNTs should be considered secondary treatments for ET involving the hand, head, 
or voice in patients refractory to other therapies. For ET of the hand and head, they 
reported a Level 1C (Strong recommendation/low quality of evidence) recommenda- 
tion. For voice ET, they reported a 2D (Weak recommendation/very low quality of 
evidence) recommendation. 

Evidence for BoNT for Dystonic Tremor 

In a 2013 article, Fasano et al. reported the results of a systematic review of BoNT for 
the treatment of various forms of DT (292). Their search revealed eight studies, involv- 
ing 330 patients with primary writing tremor, dystonic head tremor, and spasmodic 
dysphonia. They concluded that the efficacy of BoNT for these conditions was “well 
documented” but did not report a specific recommendation using established evidence 
guidelines. Using AAN guidelines to evaluate the literature for tremor associated with 
CD, Hallett et al. concluded that there is high-quality Class I evidence to support a 
Level A (Established as effective) recommendation for all four of the BoNT prod- 
ucts currently available in the United States (ABTA, IBTA, OBTA, and RBTB) (197). 
Studies evaluating BoNT for CD-related tremor showed at least modest improvements 
in tremor, as well as other CD-related symptoms (293, 294). 

Evidence for BoNT for Tremor Associated with Parkinson Disease 

Using the currently available Class IV evidence from published studies (138), a Level 
U (Unproven) recommendation can be made for BoNT injections for the treatment of 
PD-related hand tremor. Published case series and case reports suggest modest benefit 
in tremor (295-298). 
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Injection Pattern/Technique 

When treating tremor with BoNT, muscle selection is based on the history of function 
problems, clinical examination, and/or surface or needle EMG activity of muscles dur- 
ing the clinical examination prior to, or during, the procedure. The clinician listens for 
rhythmic activity in potentially involved muscle groups and the most active muscles 
are generally selected for injection (268, 297). In addition to its use to identify muscle 
activity, EMG was also used as a targeting technique in almost all published studies. 

Dosage 

As with all conditions in which BoNT is prescribed, the initial dosage and dosage 
range of BoNT for a given condition, muscle, and patient are specific to the individual 
BoNT product being used. The published dosage range per muscle for ET, DT, and 
tremor associated with PD is provided in Tables 13.1 to 13.3. 

Toxin Dilution 

Serotype A BoNT products (ABTA, IBTA, and OBTA) should be reconstituted with 
preservative-free normal saline (PFNS, 0.9%). The published dilutions of OBTA when 
treating patients for tremor were 1 to 2 mL per 100-unit vial for a concentration of 100 
units/mL or 10 units/0.1 mL and 50 units/mL or 5 units/0.1 mL, respectively. There is 
no published information on the dilution of ABTA or IBTA for the treatment of tremor. 
RBTA comes in solution and does not require reconstitution, but can be further diluted 
with PFNS, if desired. 

Clinical Effect 

Both Hallett et al., in a 2013 review article on ET, and Zappia et al., in a 2013 review 
article on DT, reported modest or established benefit for BoNT in the treatment of ET 
and DT (197, 286). Trosch and Pullman reported a moderate benefit in 38% of patients 
with ET or PD-related tremor with a greater decrease in tremor amplitude in ET (297). 

Adverse Events/Side Effects 

The most commonly reported adverse events when treating patients with BoNTs for 
tremor are weakness in the injected or adjacent muscles, injection site pain, and/or 
bruising (282, 290-292, 299, 300). Remote risks include all those listed in the FDA- 
mandated boxed warning and included in the full prescribing information for each 
toxin (34, 36, 38, 44). 



TABLE 13.1 BoNT for the Treatment of Essential Tremor: Dosage/Dilution Table (Adults >18 Years of Age) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

U.S. FDA approval 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


Approvals outside thie 

United States 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 


Essential Tremor Published Dosage Range: Adults (>18 Years of Age) 

Arm Muscles 

Biceps brachii 

Dosage range 

5-75 units 

100-300 units 

— 

1,000-3,000 units 


Triceps 

Dosage range 

5-75 units 

100-300 units 

— 

1,000-3,000 units 


Biceps brachii 

Average dosage 1 

66.7 ±11.7 units 1 

— 

— 

— 

'(297) 

2 (1 36) 

Triceps 

Average dosage 1 

62.1 ± 20.8 units 1 

— 

— 

— 


Forearm Muscles 


Pronator teres 

Dosage range 

25-75 units 

80-100 units 


1,000-2,500 units 


Pronator quadratus 

Dosage range 

10-50 units 

80-100 units 


1,000-2,500 units 



( continued ) 
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TABLE 13.1 BoNT for the Treatment of Essential Tremor: Dosage/Dilution Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Forearm Muscles ( continued ) 


Supinator 

Starting dosage 

Dosage range 

5-15 units 

10-40 units 

50-100 units 


1,000-2,500 units 

'(297) 

2 (136) 

FCR 

Starting dosage 

Dosage range 

10-30 units 

5-100 units 

100-150 units 


1,000-3,000 units 


FCU 

Starting dosage 

Dosage range 

10-30 units 

5-70 units 



1,000-3,000 units 


FCR/FCU 1 

Average dose per muscle 

23.5 ± 6 units 

25 ± 5 units’ 





FCR/FCU 2 

Initial dosage 2 

Repeat treatment dosage (at 4 weeks 
if no response and no weakness 2 ) 

1 5 units/muscle 2 

30 units/muscle 2 





FDS 

Dosage range 

20-60 units 

150-300 units 


1,000-3,000 units 


FDP 

Dosage range 

20-60 units 

150-200 units 


1,000-3,000 units 


FPL 

Dosage range 

10-30 units 

30-60 units 


1,000-2,500 units 


ECR/ECU 

Dosage range per muscle 

10-20 units 

30-100 units 


500-1,000 units 



( continued ) 
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TABLE 13.1 BoNT for the Treatment of Essential Tremor: Dosage/Dilution Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Forearm Muscles ( continued ) 


ECR/ECU 1 

Average dosage per 
muscle' 

14.8 ± 5.4 units 1 

14.3 ± 4.4 units' 




'(297) 

2 (1 36) 

ECR longus/brevis 2 

Initial dose 2 

Repeat treatment dosage (at 4 weeks 
if no response and no weakness 2 ) 

10 units 2 

20 units 2 




ECU 2 

Initial treatment 

Repeat treatment dosage (at 4 weeks 
if no response and no weakness 2 ) 

10 units 2 

20 units 2 




EDC 

Dosage range 

10-25 units 




Essential Tremor: Proximal Upper Limb Muscle/Wing-Beating Tremor 

Teres major 

18.3-48.6 units 3 




3 (58), average 
dosage 

Teres minor 

10-20 units 3 




Infraspinatus 

10 units 3 




Supraspinatus 

10 units 3 




Deltoid 

5-10 units 





Pectoralis major 

5-10 units 





Triceps 

5-20 units 





Biceps 

5-20 units 






( continued ) 
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TABLE 13.1 BoNT for the Treatment of Essential Tremor: Dosage/Dilution Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Limb Muscles: Published Total Dosage per Treatment Session 

Proximal muscles 

Initial dosage, divided 

Retreatment dosage, divided 

25-80 units/side 
100-300 units/ 
side 

100-300 units/side 
100-700 units per 
treatment session 

25-50 units/side 4 
100-300 units/ 
side 4 

250-500 units/ 
side 

250-1500 units 4 

'(297) 

2 (136) 

3 (58), average 
dosage 

4 First author's 
dosage range 

5 (299) 

Forearm muscles 

Total dosage, divided 5 

50 or 100 units 




Forearm muscles 

Mean total dosage, divided 1 

Total dosage range, divided 1 

108.8 ± 53.8 units 1 
50-225 units 1 




Forearm muscles 

Initial total dosage 2 

Repeat treatment dosage (at 4 weeks 
if no response and no weakness 2 ) 

50 units 2 

100 units 2 




Essential Tremor Head/Neck 

SCM 

Published dose 

40 units per side 6 

100 units per 
side 7 



6 (565) 

7 (566) 

8 Muscles (1-3) 
Splenius Capitis, 

SCM (567) 

Splenius capitis 

Published dose 

60 units per side 6 

1 50 units per side 7 



Nondystonic head tremor 8 

Mean dosage 

Dosage rangea 


160 units 8 

320-560 units 8 



( continued ) 
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TABLE 13.1 BoNT for the Treatment of Essential Tremor: Dosage/Dilution Table (Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc*) 

Notes 

Essential Flead Tremor: Published Total Dosage per Treatment Session 

Nondystonic/ET Fiead tremor 

Total dose 

Dosage range 

200 units 6 

500 units 7 

160-720 units 8 

Not reported 

Not reported 

G (565) 

7 (566) 

8 Muscles (1-3) 
Splenius Capitis, SCM 
(567) 

Dilution (concentration) 

100 units with 

2-mL PFNS 
(50 units/mL, 

5 units/0.1 mL) 

300 units in 

0.6-mL PFNS 
or 500 units in 

1-mL PFNS (50 
units/0.1 mL) 

Not reported 

Not reported 


Guidance 

EMG 

EMG 

Not reported 

EMG 

CT or US reported 
for some proximal 
muscles 

Injection sites 

1-4 per muscle 
Maximum 50 
units per site 

1-4 per muscle 

Not reported 

1-3 per muscle 



Abbreviations: ABTA, abobotulinumtoxinA; ECR, extensor carpi radialis; ECU, extensor carpi ulnaris; EDC, extensor digitorum communis; EMG, electromyography; 
ET, essential tremor; FCR, flexor carpi radialis; FCU, flexor carpi ulnaris; FDS, flexor digitorum superficialis; FDP, flexor digitorum profundus; FPL, flexor pollicis 
longus; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, rimabotulinumtoxinB; 

SCM, sternocleidomastoid. 

Sources: Refs. 58, 136, 152, 199, 282, 286, 296, 297, 298, 299, 487, 565-568. 
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TABLE 13.2 BoNT for the Treatment of Dystonic Tremors: Dystonic Tremor Published Dosage/Dilution Table 

(Adults >18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

U.S. FDA 
approval 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not 

FDA approved 

Currently not FDA 
approved 


Approvals 
outside the 

United States 

Currently not 
an approved 
indication 

Currently not an approved 
indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 


Cervical Dystonia (Head Tremor) Reported Dosage Range 

SCM 

50-75 units 1 

25-100 units 2 

— 

— 

— 

'(293) 

2 (294) 

Splenius capitis 

50-75 units 1 

25-50 units 2 
<250 units, 
divided 
bilaterally 2 





Trapezius 

100 units 1 

25-75 units 2 

— 

— 

— 


Minimum dose 
Maximum dose 

75 units 1 

280 units 1 

250 units 2 

— 

— 

— 


Levator scapulae 

25-100 units 2 

— 

— 

— 


Scalene, 

posterior 

25-75 units 2 

— 

— 

— 



( continued ) 
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TABLE 13.2 BoNT for the Treatment of Dystonic Tremors: Dystonic Tremor Published Dosage/Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Cervical Dystonia (Head Tremor) Reported Dosage Range ( continued ) 

Tremulous CD 3 
(SCM, splenius 
capitis) 

Mean dosage 
Dosage range 


500 units 4 

320-720 units 4 



3 Muscles (2-4) 
Splenius capitis, 

SCM 

4 (567) 

Dilution 

100 units in 2-mL 
PFNS 1 ' 2 

— 

— 

— 

Injection sites 

2-4 per muscle 12 

— 

— 

— 

Dystonic Hand Tremor 

Wrist flexors/ 

extensors 

— 

200 units, divided 5 

— 

— 

5 (569) 

6 (568) 

FCU 

10-12.5 units 6 

— 

— 

— 

ECU 

10-12.5 units 6 

— 

— 

— 

EDC 

10 units 6 

— 

— 

— 

APL 

10 units 6 

— 

— 

— 

Dilution 

(concentration) 

100 units in 1-mL 
PFNS (100 units/mL, 
10 units/0.1 mL) or 
100 units in 2-mL 
PFNS (50 units/mL, 5 
units/0.1 mL) 

300 units in 1.5-mL PFNS 
(200 units/mL), 500 units in 
2.5-mL PFNS (200 units/mL) 
or 500 units in 4-mL PFNS 
(125 units/mL) 

No published 
studies 

No dilution 
required 



( continued ) 
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TABLE 13.2 BoNT for the Treatment of Dystonic Tremors: Dystonic Tremor Published Dosage/Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Adverse events 

Weakness, see full 

PI boxed warning 

Weakness, see full PI boxed 
warning 

No published 
studies 

No published 
studies 

See full 

PI boxed warning 


Guidance 

techniques 

Palpation, EMG, 

CT, ultrasound 






Abbreviations: ABTA, abobotulinumtoxinA; APL, abductor pollicis longus; BoNT, botulinum neurotoxin; CD, cervical dystonia; CT, computed tomography; 

ECU, extensor carpi ulnaris; EDC, extensor digitorum communis; EMG, electromyography; FCU, flexor carpi ulnaris; IBTA, incobotulinumtoxinA; 

OBTA, onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); PI, prescribing information; RBTB, rimabotulinumtoxinB; SCM, sternocleidomastoid. 

Sources: Refs. 152, 199, 292-294, 567-569. 
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TABLE 13.3 Botulinum Neurotoxin for the Treatment of Tremor Associated with Parkinson Disease: Dosage/Dilution Table 

(Adults >18 Years of Age) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

U.S. FDA approval 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


Approvals outside 
the United States 

Currently not an 
approved indication 

Currently not an 
approved indication 

Currently 
not an 
approved 
indication 

Currently not 
an approved 
indication 


Published Dose Range: Forearm/Arm 

Biceps brachii 

Dosage range 

Average dosage 
(±SD) 

Sites per muscle 

30-75 units 1 

66.7 (±11.7) units 1 

96 (±32.7) units 3 

1-3 


50 units 2 

50 units 2 


1 (297), open-label 
study of PD and ET 

2 (295) 

3 (199) 

4 (296) 

Triceps brachii 

Dosage range 

Average dosage 
(±SD) 

Sites per muscle 

25-75 units 

62.1 (±20.8) units 1 

58.6 (±15.7) units 3 

1-3 


50 units 2 

50 units 2 



( continued ) 
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TABLE 13.3 Botulinum Neurotoxin for the Treatment of Tremor Associated with Parkinson Disease: Dosage/Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Published Dose Range: Forearm/Arm ( continued ) 

Pronators (PQ, PT) 
Dosage range 

Average dosage 
(±SD) 

Sites per muscle 



20-25 units 2 

21 (± 3) 
units 2 



Supinator 

Dosage range 

Average dosage 
(±SD) 

32.5 ± 14.7 units 3 


15-20 units 2 

19 ± 3 units 2 



FCR/FCU 

Dosage range 

Average dosage 
(±SD) 

Sites per muscle 

5-25 units' 

FCR 23.5 (±6) units' 

FCU 25 (±5) units’ 

FCR 25 (±13.2) units 3 
FCU 26 (±16.7) units 3 
1-2 


20-25 units 2 

22 ± 3 units 2 




( continued ) 
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TABLE 13.3 Botulinum Neurotoxin for the Treatment of Tremor Associated with Parkinson Disease: Dosage/Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Published Dose Range: Forearm/Arm ( continued ) 

ECR/ECU 

Dosage range 

Average dosage 
(±SD) 

Sites per muscle 

5-50 units 1 

ECR 14.8 (±5.4) 
units 1 

ECU 14.3 (±4.4) 
units 1 

ECR 20.4 (±14.2) 
units 3 

ECU 15.8 (±7) units 3 

1-2 


20-25 units 2 

22 ± 3 units 2 



EDC 

Dosage range 

Average dosage 
(±SD) 

Sites per muscle 

5-50 units 1 

25 (±16) units 1 

16.3 (±5.5) units 3 

1-2 


Not reported 



FDP 

Average dosage 
(±SD) 

30.6 (±7.8) units 3 


Not reported 
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TABLE 13.3 Botulinum Neurotoxin for the Treatment of Tremor Associated With Parkinson Disease: Dosage/Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Published Dose Range: Forearm/Arm ( continued ) 

FDS 

Average dosage 
(±SD) 

17.6 (±9.4) units 3 


15 units 2 


’(297), open-label study 
of PD and ET 

2 (295) 

3 (199) 

4 (296) 

FPL 

Average dosage 
(±SD) 

19.6 (±7.2) units 3 


10 units 2 


AbPL 

Average dosage 
(±SD) 

8.3 (±2.9) units 3 


Not reported 



EDC, ECR, ECU, FCR, 

FCU, FDS 

50 units, divided 4 


Not reported 



EDC, ECR, ECU, EIP, 

EPL, FCR, FCU, FDS, 

FDP 

50 units, divided 4 


Not reported 



Total dosage 

50 units or 100 
units 5 




5 (297) 

Mean total dosage 

Total dose range 

107.5 ± 53.8 units 1 
25-205 units 1 - 4 





Localization 

EMG 



No published 
studies on 
maximum dose 



( continued ) 
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TABLE 13.3 Botulinum Neurotoxin for the Treatment of Tremor Associated with Parkinson Disease: Dosage/Dilution Table 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Dilution 

(concentration) 

100 units in 1-mL 

PFNS (100 units/mL, 10 
units/0.1 mL) or 100 
units 

in 2-mL PFNS 
(50 units/mL, 

5 units/0.1 mL) 

300 units in 1 ,5-mL 

PFNS (200 units/mL, 

20 units/0.1 ml) or 

500 units in 2.5-mL 

PFNS (200 units/mL, 

20 units/0.1 mL) or 

500 units in 4-mL 

PFNS (125 units/mL, 

1.25 

units/m L) 

100 units in 

1-mL PFNS (100 
units/mL, 10 
units/0.1 mL) 

No dilution 
required 

All dilutions with PFNS 

Adverse events 

Weakness, see full PI 
boxed warning 

Weakness, see full PI 
boxed warning 

Weakness, see 
full PI boxed 
warning 

No published 
studies 

See full PI 
boxed warning 


Guidance techniques 

Palpation, EMG, CT, 
ultrasound 






Abbreviations: AbPL, abductor pollicis longus; AdPL, adductor pollicis longus; CT, computed tomography; ECR, extensor carpi radialis; ECU, extensor carpi ulnaris; 
EDC, extensor digitorum communis; EIP, extensor indices proprius; EPL, extensor pollicis longus; EMG, electromyography; FCR, flexor carpi radialis; FCU, flexor 
carpi ulnaris; FDS, flexor digitorum superficialis; FDP, flexor digitorum profundus; FPL, flexor pollicis longus; PFNS, preservative-free normal saline (0.9%); PI, 
prescribing information; PQ, pronator quadratus; PT, pronator teres; SCM, sternocleidomastoid; SD, standard deviation. 

Sources: Refs. 152, 199, 268, 295-297. 
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FIGURE 4 Forearm muscles, cross-sectional anatomy. 
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Botulinum Neurotoxin Therapy for 
Problematic Sialorrhea 

Katharine E. Alter, MD 



Condition 

On average, adults produce 750 mL of saliva per day. Of that, the submandibular 
glands reportedly produce upward of 70%, the parotid glands produce 25%, and the 
sublingual gland produces only 5% (301). The term sialorrhea (drooling, dribbling) 
refers to the involuntary loss of saliva from the mouth. Drooling is normal in infants 
and young children, but generally ends by school age. Beyond this age, sialorrhea 
is uncommon, except in patients with neurological conditions that affect head/trunk 
control, muscle tone, swallowing and the swallowing reflex, oromotor control, and/or 
combinations of these impairments (97, 302). In the vast majority of these patients, 
sialorrhea is caused by reduced or disordered swallowing, not by excessive saliva 
production. 

Sialorrhea is reported in up to 38% of children with cerebral palsy and stroke, in 
70% to 80% of patients with Parkinson disease, and also commonly in patients with 
amyotrophic lateral sclerosis [ALS], myasthenia gravis, and Lambert-Eaton syndrome 
(303-308). These conditions lead to a combination of sensory and motor impairments, 
including impaired sensation, lip closure, chewing, and swallowing. 
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Clinical/F unctional Impact 

Sialorrhea often affects quality of life, causing emotional distress, embarrassment, and 
social isolation. Sialorrhea may also soil clothing and damage equipment, including 
computers, communication devices, and environmental controls. Immediate sequelae 
of sialorrhea and poor oral control of saliva include skin breakdown or maceration, 
aspiration of secretions with recurrent respiratory infections, and aspiration pneumo- 
nia (301, 302). 

Pattern of Involvement 

Secretion of saliva occurs at a basal rate and increases with eating, chewing gum, or 
placing an object in the mouth. In patients with intact oromotor function, the saliva 
that is produced at rest and with eating/chewing is swallowed. Sialorrhea occurs when 
saliva escapes from the mouth due to poor lip closure, reduced or impaired swallow- 
ing, impaired sensation, and/or a flexed head position. After escaping the mouth, saliva 
runs over the chin, onto the neck, chest, and/or equipment for seating, positioning, and 
communication. Most patients with sialorrhea have disordered swallowing or dyspha- 
gia. Increased saliva in the mouth or pharynx may further compromise feeding and 
may lead to frequent coughing, choking, and/or aspiration. 

Evaluation 

The first step in assessing the scope of the problem is to ask the patient how sialor- 
rhea affects function, including activities of daily living, communication, and quality 
of life. More objective measures include a Visual Analog Scale to measure impact 
or clinical scales, such as the Teachers Drooling Scale, Drooling Rating Scale, the 
Drooling Severity and Frequency Scale, or portions of the Unified Parkinson’s Disease 
Rating Scale (UPDRS) (301, 309). Quantitative measurement of saliva production can 
also be performed using cotton rolls or collection devices. These evaluations can be 
performed prior to and after an intervention (oral medications, botulinum neurotoxin 
[BoNT] therapy, or surgery) (309, 310). 

Treatment 

Management of sialorrhea may include oral motor therapy, devices to remove saliva 
from the face or mouth, oral medications, transdermal medications, BoNT injections, 
and surgical procedures, such as salivary gland duct re-routing or ligation (302, 311— 
315). Oral and transdermal anticholinergic agents, such as glycopyrrolate, diphenhy- 
dramine, or scopolamine, may be trialed, although many patients report significant side 
effects, including diplopia, constipation, urinary retention, and sedation (301, 309). 
BoNT therapy is increasingly offered to patients for whom more conservative treat- 
ments do not provide adequate saliva control or for whom pharmacologic therapy 
causes intolerable side effects. Due to the low incidence of adverse effects and the 
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potential to improve symptoms for several months, BoNT therapy is frequently recom- 
mended to patients prior to considering oral medications or surgery. 

BoNTs Approved for the Treatment of Sialorrhea 

At the time of publication, the use of BoNT for the treatment of sialorrhea is con- 
sidered off-label for all the Food and Drug Administration-approved BoNT products 
(abobotulinumtoxinA [ABTA], incobotulinumtoxinA [IBTA], onabotulinumtoxinA 
[OBTA], and rimabotulinumtoxinB [RBTB]). 

Approvals Outside the United States 

At the time of publication, the use of BoNT for the treatment of sialorrhea is considered 
off-label. 

Level of Evidence 

A 2013 article reviewed the evidence from published studies for neurosecretory disor- 
ders including sialorrhea (138, 303). The authors reported evidence supporting a Level B 
(Probably effective, ineffective, or harmful for the given condition in the specified popu- 
lation; Level B rating requires at least one Class I study or at least two consistent Class II 
studies) recommendation for ABTA, OBTA, and RBTB for the treatment of sialorrhea. 
They reported a Level U (Data inadequate or conflicting; given current knowledge, 
treatment is unproven) recommendation for IBTA. A 2008 review article reported the 
evidence for BoNTs for the treatment of sialorrhea and concluded that the evidence sup- 
ported a Level A (Established as effective, ineffective, or harmful for the given condi- 
tion in the specified population; Level A rating requires at least two consistent Class I 
studies) recommendation for the effectiveness of serotype A BoNTs for the treatment of 
sialorrhea and a Level B recommendation for serotype B BoNT (316). 

Injection Pattern 

The majority of studies reported injection of the bilateral parotid and submandibular 
glands, with a higher reported dose in the larger parotid glands. Generally, a single 
injection site was reported in the submandibular gland and one to two sites in the 
parotid glands (see Figures 14.1 and 14.2). 

Toxin Dilution 

Toxin dilution was not reported in many studies; therefore, optimal dilution of BoNT 
when treating patients with sialorrhea is unknown. For OBTA, most studies reported 
reconstituting 100 units of OBTA with 1 rnL preservative-free normal saline (PFNS) 
(0.9%) and a 300-unit vial of ABTA was typically diluted or reconstituted with 0.6-mL 
PFNS. There is no published information on the reconstitution of IBTA for sialor- 
rhea. The first author’s practice is to reconstitute a 50-unit vial with 0.5 mL PFNS or 
a 100-unit vial with 1 mL PFNS. RBTB is provided in solution and does not require 
reconstitution. If desired, the RBTB vial can be further diluted with PFNS. 
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FIGURE 14.1 Parotid salivary gland and head/neck/facial muscles. 
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FIGURE 14.2 Submandibular and sublingual salivary glands. 
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Dosage and Dilution 

There are limited data from controlled trials on the optimal starting dose, dose 
per gland, dose escalation, total dose, and dilution of the BoNT product for the 
treatment of sialorrhea. Available studies report a wide range of BoNT doses for a 
given BoNT product (301, 310, 317-320). When evaluating the current evidence 
on dosing, clinicians must recognize that the dose of each commercial BoNT prod- 
uct is unique due to each product’s specific properties and relative potencies. This 
topic is discussed in detail in Chapter 2. Most expert clinicians recommend initi- 
ating treatment with a dose on the low side of the reported dose range. Based on 
the patient’s response to therapy, the dose may then be increased at subsequent 
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treatment sessions with a goal of optimizing the clinical response and avoiding 
adverse events. Conservative dosing is recommended for patients with reports of 
dysphagia, unless they have an existing feeding tube. Reduced dosing is also recom- 
mended in certain patient populations, such as those with motor neuron disease(s) 
(66, 321-323). Dose calculation in pediatric patients is generally based on total 
body weight (319, 324, 325). 

Adult Patients 

SEROTYPE A BoNTS 

The published mean total dose of OBTA ranged from 55 to 300 units and of ABTA was 
250 to 450 units. The published starting dosage range of OBTA was 5 to 30 units for 
each submandibular gland and 5 to 75 units for individual parotid glands. 

SEROTYPE B BoNT 

The published total dosage range was 1,500 to 5,000 units. One study reported that 
3,000 units of RBTB was equally effective to 5,000 units with fewer side effects. 
For RBTB, the reported dosage range for individual salivary glands is 250 to 1,000 
units for the submandibular gland and 450 to 1,000 units for individual parotid glands. 
A comparison study reported similar efficacy between ABTA (250 units) and RBTB 
(2,500 units) (66). 

Pediatric Patients 

In children, the dose of BoNT is typically calculated according to the patient’s body 
weight in kilograms. Units per kilogram dosing is used until the child achieves a 
weight such that the weight-based dose would exceed the reported dose used in adult 
protocols. For OBTA, the published doses ranged from 2 to 22.5 units/kg/gland. The 
reported total dosage range for RBTB ranged from 1,500 to 5,000 units. In one study, 
comparing 1,500 to 5,000 units of RBTB, no added benefit was observed and increased 
adverse events were reported with the 5,000-unit dose (318, 319, 324, 325). 

Injection Technique 

Palpation, anatomic landmarks, and B-mode ultrasound (US) can be used to guide 
BoNT injections in salivary glands (97, 301, 310, 316, 326-328). In older studies, 
palpation and landmarks were the most commonly reported localization techniques, 
whereas the majority of recent studies report using US guidance to localize the sal- 
ivary glands. US guidance for BoNT injections has been reported to reveal abnor- 
malities (dysplastic/atrophied glands), vessels, inflammatory changes, and has led to 
modification of the proposed BoNT injections (301). There are some reports that US 
guidance is reported to result in enhanced clinical benefit and reduced adverse events 
(328, 329). Additional studies are needed to make recommendations as to whether US 
should be recommended for these injections. 
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Clinical Effect 

BoNT therapy is reported to reduce the volume of saliva and the severity of sialorrhea, 
aspiration, infections, skin maceration, and social isolation (301, 303, 316). 

Adverse Events/Side Effects 

Adverse events and side effects are relatively uncommon. The most commonly 
reported adverse event is viscous saliva or dry mouth. Rare events include dyspha- 
gia or respiratory failure (in patients with ALS ) (303, 316). Some clinicians consider 
motor neuron disease to be a relative contraindication for BoNT injections, whereas 
others recommend using a lower dose of BoNT for these patients. 



TABLE 14.1 BoNT for the Treatment of Sialorrhea: Dosage/Dilution Table for Adults/Children 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

U.S. FDA approval 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 


Approvals outside 
the United States 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 


Published Dosage Range: Adults (>18 Years of Age) 

Parotid Gland 

Average dosage 1 - 2 
Dosage range 1 - 2 

5-75 units 

5-80 units 

30-75 units 

10-145 units 3 

Not reported 

1,000 units 

250-1,000 units 

’Most studies 
report or advise 
using US guidance 
for salivary gland 
injections 

2 Lower dose 
reported for 
patients with ALS 

3 75 units/gland 
reported to 
decrease saliva by 

50% 

4 3.000 units of 

RBTB reported 
to have equal 
efficacy and fewer 
adverse events 
when compared to 

5.000 units 

Submandibular 

gland 

Starting dose 1 - 2 

Dosage range 1 - 2 

5-30 units 

10-50 units 

60 units 

10-80 units 

Not reported 

250 units 

400-1,000 units 

Total dose per 
treatment session 

50-300 units, 
divided between 
parotid and 
submandibular 
glands 

250-450 units, 
divided between 
parotid and 
submandibular 
glands 

Not reported 

2500-5000 units, 4 
divided between 
bilateral parotid 
and submandibular 
glands 


( continued ) 
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TABLE 14.1 BoNT for the Treatment of Sialorrhea: Dosage/Dilution Table for Adults/Children ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Published Dosage Range: Pediatric Patients (<18 Years of Age) 

Parotid gland' 

15-25 units 

1 5-75 units per 
gland 

Not reported 

1 50-250 units per 
gland 

'Most studies 
report or advise 
using US guidance 
for salivary gland 
injections 

Weight <1 5 kg' 
Weight 15-25 kg' 
Weight >25 kg' 

1 5 units per gland 

20 units per gland 

25 units per gland 




Submandibular 

gland' 

5-1 5 units per 
gland 

Range: 10-50 units 

1 5-75 units/gland 

Not reported 

1 50-250 units per 
gland 

Total dose per 
treatment session 

30-100 units 

75-300 units 


400-1000 units 

Salivary Gland: Dilution/Guidance/Adverse Events 

Dilution 

(concentration) 

100-unit vial 
diluted with 

1-mL PFNS 
(100 units/1 mL, 

10 units/0.1 mL) 

300-unit vial 
diluted with 1 .5-mL 
PFNS (200 units/mL, 

20 units/0.1 mL) 

50 units diluted 
with 0.5-mL PFNS 
or a 100-unit vial 
diluted with 1-mL 
PFNS (100 units/mL, 

10 units/0.1 mL) 

Not required, but 
can be further 
diluted 

2,500-unit vial 
with 0.5 mL PFNS 
or a 5,000-unit vial 
with 1 mL PFNS 
(2,500 units/mL, 

250 units/0.1 mL) 



( continued ) 
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TABLE 14.1 BoNT for the Treatment of Sialorrhea: Dosage/Dilution Table for Adults/Children ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Notes 

Guidance 

techniques 

B-mode US 

B-mode US 

B-mode US 

B-mode US 


Adverse events and 
side effects 

Flematoma, pain, 
ptosis, weakness 
in injected or 
adjacent muscle(s), 
diplopia 

Flematoma, pain, 
ptosis, weakness 
in injected or 
adjacent muscle(s), 
diplopia 

Hematoma, pain, 
ptosis, weakness 
in injected or 
adjacent muscle(s), 
diplopia 

Viscous saliva, dry 
mouth Uncommon: 
respiratory failure 
in ALS 



Note: When treating sialorrhea, bilateral parotid and submandibular glands were injected in the majority of published studies. The sublingual glands are technically more 
difficult to inject as they require an intraoral injection. This may be difficult in patients with a tonic bite reflex, patients with intellectual disability, and in less-cooperative 
patients. When injecting BoNT in salivary glands, many, if not most, expert clinicians recommend ultrasound guidance (to avoid inadvertent injection of BoNT into 
adjacent muscles). 

Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum neurotoxin; FDA, Food and Drug Administration; IBTA, incobotulinumtoxinA; OBTA, 
onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, rimabotulinumtoxinB; US, Ultrasound. 

Sources: Refs. 21, 34-36, 38, 40, 44, 66, 97, 197, 243, 301, 302, 304, 305, 307-329, 470. 
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TABLE 14.2 First Author’s Suggested Dosage Table (Adults >18 Years of Age and Pediatric < 18 Years of Age) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Parotid Gland, Adults 1 

Mild 

Moderate 

Severe 

1 5-25 units/gland 
25-40 units/gland 
40-55 units/gland 

40-60 units/gland 

60-80 units/gland 
80-110 units/gland 

1 5-25 units/gland 
25-40 units/gland 
40-55 units/gland 

200-300 units/gland 
300-400 units/gland 
400-625 units/gland 

’B-mode US used 
for guidance of all 
injections 

Submandibular Gland, Adults , 1 Initial Dose 

Mild 

Moderate 

Severe 

5-15 units/gland 

1 5-30 units/gland 
30-50 units/gland 

20-40 units/gland 

40-60 units/gland 

60-110 units/gland 

5-1 5 units/gland 
15-30 units/gland 
30-50 units/gland 

100-200 units/gland 
200-300 units/gland 
300-500 units/gland 

’B-mode US used 
for guidance of all 
injections 

Maximum total 
dose 

200 units, divided 
bilaterally 

500 units, divided 
bilaterally 

200 units, divided 
bilaterally 

2,500-3,000 units, 
divided bilaterally 


Subsequent 

doses 

Increase by 

5%— 10% 

Increase by 5%-10% 

Increase by 

5%-10% 

Increase by 

5 %— 1 0% 



( continued ) 
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TABLE 14.2 First Author’s Suggested Dosage Table (Adults >18 Years of Age and Pediatric < 18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Pediatric patients , 1 Initial Dose 

Parotid gland 

Weight 15-50 kg 
Weight >50 kg 

0.5-1 units/kg 

Follow adult 
protocol 

1.5-2. 2 units/kg 

Follow adult protocol 

0.5-1 units/kg 

Follow adult 
protocol 

5-10 units/kg 

Follow adult 
protocol 

Patients stratified 
by symptoms: mild, 
moderate, severe 

Initial dose: lower 
for patients with 
milder symptoms 
and higher for those 
with moderate or 
severe sialorrhea 
’B-mode US used 
for guidance of all 
injections 

Submandibular 

gland 

Weight 15-50 kg 
Weight >50 kg 

0.5-1 unit/kg 

Follow adult 
protocol 

1.5-2. 2 units/kg 

Follow adult protocol 

0.5-1 units/kg 

Follow adult 
protocol 

5-10 units/kg 

Follow adult 
protocol 

Subsequent 

doses 

Increase by 

5%-10% 

Increase by 5%-10% 

Increase by 

5%-10% 

Increase by 

5%— 1 0% 


Maximum 
total dose per 
treatment 

session 

150 units 

300 units 

150 units 

2,500 units 



Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum neurotoxin; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; RBTB, rimabotulinumtoxinB ; 
US, ultrasound. 
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Botulinum Neurotoxin 
Therapy for Hyperhidrosis 

Katharine E. Alter, MD 
Codrin Lungu, MD 



Condition 

Hyperhidrosis (HH) or excessive sweating can be a debilitating condition that may 
affect quality of life, cause social embarrassment, hygiene issues, and may interfere with 
an individual’s ability to socialize and work. Sweating is controlled by the autonomic 
(sympathetic) nervous system. Normally sweating helps regulate body temperature by 
evaporative cooling. HH is an autonomic disorder leading to production of sweat in 
excess of that needed to maintain body temperature (330) and is broadly divided into 
primary and secondary subtypes. 

Primary Hyperhidrosis 

Primary HH (PHH) is further subdivided into idiopathic PHH (IPHH) and a rare famil- 
ial subtype. IPHH is the most common subtype of PHH with a reported incidence of 
0.6% to 1% in the general population. The autosomal dominant familial subtype of 
PHH is much less common and, in some families, is linked to a chromosomal abnor- 
mality at 14q (331). When evaluating a patient with PHH, a detailed family history is 
required to rule out a potential inherited or familial cause of this condition (332). 
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Idiopathic Primary Hyperhidrosis 

In many patients with IPHH, symptoms begin in childhood and may worsen in ado- 
lescence. When workup fails to elicit a cause, the diagnosis of IPHH is established 
(331, 333). The diagnostic criteria for PHH include excessive sweating lasting 
>6 months with no apparent cause for the sweating and must include a minimum of 
two of the following features: excessive sweating that impairs daily activities, bilat- 
eral and fairly symmetric sweating, excessive sweating occurring at least once per 
week, onset of symptoms at younger than 25 years, excessive sweating not present 
during sleep, and a positive family history of HH, which may be elicited in a subset 
of patients (333). 

Gustatory sweating (Frey syndrome) is a distinctive form of HH and may be 
primary (familial) or secondary to trauma. Patients report sweating of the face, scalp, 
and/or neck during or immediately following drinking or eating (331, 334). 

Secondary Hyperhidrosis 

The causes of secondary HH (SHH) include a wide variety of systemic illnesses 
(tumors, metabolic, and endocrine disorders), spinal cord injury, and/or drug or toxin- 
induced HH. Other potential causes of SHH include familial dysautonomia (Riley- 
Day syndrome), posttraumatic/surgical SHH, and compensatory SHH. Compensatory 
SHH may occur following trauma, surgery, and postsympathectomy. Compensatory 
SHH is characterized by HH occurring in a part of the body unrelated to the location 
of surgery, trauma, or other treatment. As noted, gustatory sweating is also a form 
of SHH and may be either posttraumatic or from other local insults (331). When the 
cause for SHH can be identified, this problem should be addressed or treated prior to 
considering botulinum neurotoxin (BoNT) injections. 

Clinical/F unctional Impact 

As noted, PHH and SHH may have a significant impact on a patient’s function and qual- 
ity of life and may be socially debilitating. Patients often resort to wearing underarm 
pads, carrying towels, and may avoid social interactions such as shaking hands. 

Pattern of Involvement 

Any eccrine sweat gland may be affected. In PHH, the involvement is generally bilat- 
eral and symmetric. Most commonly, complaints are of excessive sweating of the 
axilla and palms or soles of the feet. In SHH, excessive sweating may be symmetric 
and bilateral. However, in postsurgical or traumatic cases, it may be unilateral, asym- 
metric, and/or focal or localized. 

Evaluation 

Evaluation of PHH and SHH should include a detailed history to determine the scope, 
pattern, and severity of the problem, as well as the impact of the excessive sweating on 
the patient’s function and quality of life. 
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Clinicians should consider administering the Minor’s iodine starch test (MIST) 
prior to and after injections to document the pattern and severity of sweating both 
pre- and postinjection (34). Patients should be instructed to shave their underarms the 
night before the appointment and to avoid over-the-counter or prescription deodorants 
or antiperspirants on the affected area for >24 hours prior to the MIST. Patients should 
also be instructed to avoid exercising or consuming hot drinks for at least 30 minutes 
prior to the test. The area to be tested (underarm, palm, or sole) should be patted dry 
with a towel and then immediately painted with iodine solution. Allow the area to dry 
completely and then lightly sprinkle the painted area with starch powder. Remove any 
excess starch powder by gently blowing on the area. Within 10 minutes, areas of HH 
will develop a deep blue or black color (34, 335). 

Treatment of Hyper hidro sis 

Various treatments for HH include topical agents, enteral medications, injections, 
and surgery. Topical agents include over-the-counter or prescription antiperspirants 
or deodorants, other agents (glycopyrrolate), and iontophoretic therapy. Although 
some patients may benefit from enteral medications (anticholinergic agents or beta- 
blockers), many patients discontinue these drugs due to side effects or minimal clini- 
cal benefit. Surgical options for HH include sympathectomy and/or surgical resection 
of sweat glands. In addition to the risks of surgery, these treatments may also lead to 
compensatory HH in previously unaffected areas (331, 336). For patients who fail 
conservative treatment, BoNT therapy may provide significant long-lasting sympto- 
matic relief, reduced disability, and improved function/quality of life (303, 331, 337). 
Acetylcholine (Ach) is the main neurotransmitter at the neuroglandular junction of the 
eccrine glands, and the effective blockage of Ach release is the basis for the efficacy 
of BoNT. 

BoNTs Approved for the Treatment of Hyper hidro sis 

OnabotulinumtoxinA (OBTA [Botox®]) is approved for the treatment of primary 
axillary HH that is unresponsive or underresponsive to conventional treatment (34). 
Currently, none of the other Food and Drug Administration (FDA)-approved BoNT 
products (abobotulinumtoxinA [ABTA; Dysport®], incobotulinumtoxinA [IBTA; 
Xeomin®], and rimabotulinumtoxinB [RBTB; Myobloc®]) have FDA-approved indi- 
cations for treatment of HH (36, 38, 44). The use of these products in the United States 
to treat axillary HH is currently off-label. None of the BoNT products available in the 
United States carry an indication for palmar or plantar HH, and treatment of these 
conditions is also considered off-label. 

Approvals Outside of the United States 

OBTA is approved in the United Kingdom for the treatment of axillary HH. The 
use of other BoNT products for the treatment of axillary HH and the use of any of 
the currently available BoNT products for the treatment of palmar or plantar HH is 
considered off-label. 
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Level of Evidence 

A 2013 article reviewed the levels of evidence supporting or refuting the use of BoNT 
for the treatment of neurosecretory disorders including HH (303). 

AXILLARY HYPERHIDROSIS 

The authors reported that current evidence supports a Level A (Established as effec- 
tive) recommendation for the use of OBTA and a Level B (Probably effective) recom- 
mendation for the use of ABTA for the treatment of axillary HH (303 ). Due to a limited 
number of studies using IBTA and RBTB, a Level U (Unknown or unproven efficacy) 
recommendation was reported for these BoNT formulations. Another 2013 review 
article also reviewed the evidence from studies evaluating the efficacy and safety of 
BoNTs for the treatment of axillary and palmar HH and reported that current evidence 
supported a Level B recommendation for OBTA and ABTA, a Level C (Possibly effec- 
tive) recommendation for IBTA, and Level U recommendation for RBTB (331). 

PALMAR HYPERHIDROSIS 

The authors reported that the current level of evidence supports a Level B recommen- 
dation for the use of serotype A BoNTs and a Level C recommendation for serotype B 
BoNT for the treatment of palmar HH (303). Lakraj et al. reported a Level B recom- 
mendation for OBTA and ABTA, Level C recommendation for RBTB, and a Level U 
recommendation for IBTA (331). 

GUSTATORY SWEATING 

Due to the limited number of studies and patients, the authors report a Level U recom- 
mendation for using BoNTs for the treatment of gustatory sweating (303). 

Dosage ( 303, 331 ) 

AXILLARY HYPERHIDROSIS 

The manufacturer’s recommended dose for the treatment of axillary HH with OBTA is 
50 units per axilla (34). The published/reported effective dosage range of BoNT for the 
treatment of axillary HH is 50 to 75 units per side for OBTA, 100 to 200 units per side 
for ABTA, 50 units per side for IBTA, and 2,500 units per side for RBTB. 

PALMAR HYPERHIDROSIS 

The published therapeutic dosage range for palmar HH for the various BoNT products 
is 50 to 100 units per palm for OBTA, 284 units per palm for ABTA, and 5,000 units 
per palm for RBTB. 

Toxin Dilution 

For OBTA, the manufacturer’s recommended dilution is 100 units with 4 mL of 
preservative-free sterile normal saline (PFNS; 0.9%) for injection. There is lim- 
ited information on the optimal dilution for ABTA and IBTA. RBTB is provided in 
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solution and does not require reconstitution. If desired, RBTB can be diluted with 
normal saline. 

Injection Pattern and Technique 

The diluted BoNT (2 mL) should be evenly distributed within the hyperhidrotic 
region of the axilla (as identified by MIST) and should be divided into 10 to 15 
equal aliquots of 0.1 to 0.2 mL (Figure 15.1). Palmar injections should be distrib- 
uted at 1-cm intervals, a grid may be drawn on the palm if desired (Figure 15.2). 
Injections are performed intradermally using a 30-gauge needle. The needle should 
be inserted to a depth of approximately 2 mm, at a 45° angle to the surface of the 
skin (Figure 15.3). The bevel side of the needle should point to the surface of the 
skin to minimize leakage and to make certain that the injected BoNT remains intra- 
dermal. If injection sites are marked in ink, do not inject the BoNT directly through 
the ink mark to avoid creating a permanent tattoo effect. No adjunctive localization 
technique (electromyography, e-stim, or ultrasound) is required for these intrader- 
mal injections (34, 331). 


FIGURE 15.1 Hyperhidrosis, axilla injection grid. 
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FIGURE 15.2 Hyperhidrosis, palmar injection grid. 



FIGURE 15.3 Technique for intradermal botulinum neurotoxin injections. 
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Clinical Effect 

The clinical effect is generally apparent within 5 to 7 days, with an average duration 
of effect ranging from 3 to 7 months. Re-injection should be performed as clinically 
indicated, based on the return of symptoms. 

Adverse Events/Side Effects 

The most common adverse events following BoNT injections for HH include 
pain following injection, headache, nausea, flu-like symptoms, and dry mouth. 
Compensatory HH in untreated areas is also reported (303, 338). There is a single case 
report of systemic adverse effects (blurred vision and dysphagia) following treatment 
of palmar HH with 2,500 units RBTB (339). Skin irritation is sometimes reported 
when using topical anesthetic agents. Patients should receive information on the 
general risks associated with BoNT therapy, which is provided in the risk evaluation 
and management information product insert included with each vial of BoNT. 



TABLE 15.1 BoNT for the Treatment of Hyperhidrosis Dosage/Dilution Table 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

U.S. FDA 
approval 

Primary axillary and palmar 
hyperhidrosis 

Currently not 

FDA approved 

Currently not 

FDA approved 

Currently not 

FDA approved 


Axillary Hyperhidrosis, Manufacturer Recommended Dosage* (Adults >18 Years of Age) 

Dose per side 

Total dosage 

50 units 

100 units 

N/A 

N/A 

N/A 

Use a 30-gauge, 

0.5-inch needle. 

Dilution 

100 units diluted with 4-mL PFNS* 

N/A 

N/A 

N/A 


Injection 

technique 

Intradermal injections, needle 
bevel pointed up (to the 
surface of the skin) 

N/A 

N/A 

N/A 

If injection sites are 
marked with a pen, 
do not insert needle 
through the ink to 
avoid creating a 
permanent ink tattoo. 

Injection 

pattern 

Draw a 1-cm square grid on 
the axilla. One injection site 
per square 

N/A 

N/A 

N/A 

Treatment 

interval 

Minimum 12 weeks 

May last 4-7 months 





Hyperhidrosis, Published Dosage Range: Adults (>18 Years of Age) 

Axillary 

50-165 units per side 

125-200 units 
per side 1 

50-100 units 
per side 

375-2,500 
units per side 

'For ABTA, 200 units 
per side is most 
commonly reported. 

Palmar 2 

25-165 units per hand, divided 
bilaterally 

120-200 units 
per side 

100-150 units 
per hand 

250-5,000 
units per side 

2 Prior to the procedure, 
topical anesthesia 
and/or anesthetic 
nerve blocks may be 
considered. 


( continued ) 
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TABLE 15.1 BoNT for the Treatment of Hyperhidrosis Dosage/Dilution Table ( continued ) 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 

Hyperhidrosis, Published Dosage Range: Adults (>18 Years of Age) ( continued ) 

Gustatory 

sweating 

20-30 units, divided 

40-60 units, 
divided 

20-30 units, 
divided 

250-600 units, 
divided 


Recommended 
dilution for 
hyperhidrosis 
and gustatory 
sweating 3 
(concentration) 

100 units in 4-mL PFNS 
(2.5 units/0.1 mL) or 100 units 
in 5 mL (2 units/0.1 mL) 

300 units in 

1.5-mL PFNS 
(200 un its/m L, 10 
units/0.05 mL) or 
300 units in 3-mL 
PFNS (100 units/ 
mL, 10 units/0.1 
mL) or 500 units 
in 5- mL PFNS 
(lOOunits/mL, 10 
units/0. ImL) 

50 units in 

2-2.5 mL or 

100 units in 

4-5 mL 

No 

reconstitution 

required 

Reconstitute with 

PFNS (0.9%). 

Units per 
injection site 

1.5-5 units per cm 

5-20 units 
per cm 

2.5-5 units 
per cm 

7.5-200 units 
per cm 


Injection 

pattern 

Intradermal injection every 

1-2 cm 

Intradermal 
injection every 

1-2 cm 

Intradermal 
injection every 
1-2 cm 

Intradermal 
injection every 
1-2 cm 

Note: If injection sites 
are marked with a 
pen, do not insert 
needle through the 
ink to avoid creating a 
permanent ink tattoo. 

Axilla 

20-40 sites 

18-40 sites 

18-40 sites 

20-40 sites 

Palm 

20-30 sites 

20-30 sites 

20-30 sites 

20-30 sites 

Gustatory 

sweating 

Multiple sites in the affected 
area, number not specified 

Multiple sites 
in the affected 
area, number 
not specified 

Multiple sites 
in the affected 
area, number 
not specified 

Multiple sites 
in the affected 
area, number 
not specified 


( continued ) 
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TABLE 15.1 BoNT for the Treatment of Hyperhidrosis Dosage/Dilution Table ( continued ) 


BoNT 

Preparation 

OBTA 

(Botox®) 

ABTA 

(Dysport®) 

IBTA 

(Xeomin®) 

RBTB 

(Myobloc®) 

Notes 


Hyperhidrosis, Published Dosage Range: Adults (>18 Years of Age) (continued) 


Re-injection 

interval 

3-7 months 

3-7 months 

3-7 months 

3-7 months 


Adverse events 

Injection site pain, dry mouth, 
flu-like symptoms 

Injection site 
pain, dry 
mouth, flu-like 
symptoms 

Injection site 
pain, dry 
mouth, flu-like 
symptoms 

Injection site 
pain, dry 
mouth, flu-like 
symptoms, 
dysphagia, 
blurred vision 



Abbreviations: ABTA, abobotulinumtoxinA; BoNT, botulinum neurotoxin; FDA, Food and Drug Administration; IBTA, incobotulinumtoxinA; OBTA, 
onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, rimabotulinumtoxinB. 

Sources: Refs. 34, 36, 38, 44, 57, 96, 303, 331, 334, 335-339, 570-587. 
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Botulinum Neurotoxin for Urologic 

Conditions 

Katharine E. Alter, MD 
Dallas A. Lea II, MD 


Condition 

Disorders of voiding, or micturition, are common clinical problems for a large por- 
tion of the population worldwide, including individuals with and without physical 
impairments or disabilities. Detrusor overactivity (DO) from idiopathic overactive 
bladder (IOAB), neurogenic detrusor overactivity (NDO), detrusor dyssynergia 
(DD), and outflow obstruction due to benign prostatic hyperplasia (BPH) may affect 
all bladder functions, including urine storage, voiding, and urinary continence (230, 
340,341). 

Detrusor Overactivity 

DO is characterized by involuntary contractions of the detrusor muscle during bladder 
filling. Involuntary detrusor contractions cause symptoms of urgency, urge inconti- 
nence, and may cause pain. The majority of patients presenting with DO have IOAB 
(342). DO may be idiopathic or may be found in association with neurological dis- 
orders affecting bladder innervation or control, for example, when it is attributed 
to neurogenic DO or detrusor dysfunction associated with neurological conditions 
(NDO) (343, 344). 

IOAB 

IOAB is defined by the International Continence Society as urinary urgency, usually 
accompanied by frequency and nocturia, with or without urgency urinary incontinence 
(UUI) in the absence of urinary tract infection (UTI) or other obvious pathology (343). 
The incidence of IOAB in the general population is reported to be 11.8% to 16.8% 
(342, 344). 
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NDO 

NDO, like IOAB, is a form of DO characterized by involuntary bladder contractions 
during filling/storage phases. This may lead to a noncompliant bladder with increased 
bladder pressure and incontinence. NDO may also be associated with sphincter-DD 
with a loss of coordination between detrusor and sphincter function leading to upper 
urinary tract dysfunction and other symptoms. NDO is commonly seen in patients 
with Parkinson disease, multiple sclerosis, spinal cord injury, cerebral palsy, spina 
bifida, and other upper motor neuron syndromes. Mobility impairments in patients 
with NDO may also contribute to the problem of incontinence due to difficulty get- 
ting to the toilet, performing a transfer, and then removing items of clothing. Bladder 
symptoms and incontinence may adversely affect hygiene and quality of life (QOL) 
and may cause isolation (340). 

DD 

Detrusor-external sphincter dyssynergia (DD) is caused by involuntary contraction of 
the detrusor and the external urethral sphincter muscles. DD is caused by various neu- 
rological lesions between the brainstem and the sacral spinal cord. DD is most com- 
monly seen in patients with spinal cord injuries (SCI), transverse myelitis, multiple 
sclerosis (MS), and myelodysplasia or spina bifida. Various treatments are prescribed 
including enteral medications, BoNTs, and surgical interventions (351, 593). 

BPH 

Prostatic hyperplasia, or enlargement, may lead to lower urinary tract obstruction 
with incomplete bladder emptying, nocturia, and frequency. BPH is common, with a 
reported incidence of up to 50% in men over 40 years of age (345). 

Clinical/F unctional Impact 

Urgency, frequency, incomplete bladder emptying, nocturia, and incontinence may 
affect QOL, including maintenance of hygiene and socialization. In addition, this con- 
stellation of symptoms, either individually or in combination, can lead to upper uri- 
nary tract pathology in some patients (generally those with DD). 

Pattern of Involvement 

In DO, the most common symptoms are frequency, urgency, urge incontinence, and 
nocturia. In BPH, outflow tract obstruction produces the most common symptoms, 
causing frequency, urgency, nocturia, and incontinence. 

Evaluation 

A detailed clinical history will often point to the probable diagnosis. While a presumed 
diagnosis of overactive bladder (OAB) or NDO can be made based on a patient’s 
clinical symptoms, a confirmed diagnosis requires urologic/urodynamic testing (230). 



234 ■ PART III: BoNTs FOR UROLOGIC DISORDERS 


All patients should be screened for the presence of a UTI, which can be a contributing 
factor to the patient's symptoms. A diagnosis of BPH is established based on clinical 
symptoms, physical examination, imaging (ultrasound and/or MRI), or urologic testing, 
as deemed appropriate. A full discussion of the workup of DO/IOAB/NDO/DD/BPH is 
beyond the scope of this chapter. Readers are referred to relevant review articles (341, 
346-349). Prior to proceeding with treatment, including oral medications and other 
treatments, a clear diagnosis of the type of bladder dysfunction should be established. 

Treatment 

Treatment of DO includes behavioral techniques, physical therapy, catheterization, 
oral medications, injectable agents, and surgery. Behavioral techniques include avoid- 
ance of caffeine and other bladder irritants as well as timed voiding. Physical therapy 
includes bladder training, pelvic floor exercises (e.g., Kegel exercises), and electrical 
stimulation. Pharmacologic management includes enteral medications, specifically 
anticholinergic and antimuscarinic agents (344, 346, 350). Surgical options are avail- 
able but are limited (344). While many patients may be treated effectively with one or 
more of these treatments, many patients are incompletely treated or have undesirable 
side effects with these traditional treatment options. For these patients, botulinum neu- 
rotoxin (BoNT) injections should be considered as a potential therapy (344). 

BoNT may be a useful therapy for patients affected by a number of urologic 
conditions that affect voiding or micturition, such as OAB, DD, and benign prostatic 
hyperplasia. BoNT is an approved treatment (for lOAB, NDO) or an investigational 
treatment (for DD, BPH) for a number of urological conditions (16, 34, 230). While 
BoNT injections in the bladder are most commonly performed by urologists, other 
specialists who prescribe/inject BoNT must also be familiar with the use of BoNT for 
these conditions. This is particularly important as a patient may be receiving BoNT 
therapy for different indications and from multiple specialists. For example, a patient 
with a spinal cord injury may be a candidate for BoNT to treat spasticity and to treat 
DD or a patient with a brain injury or stroke may require BoNT injections for treatment 
of chronic migraine headache and OAB. To avoid an excessive total dose and/or an 
inadequate injection interval, it is imperative that physicians ask patients whether they 
have received or plan to receive BoNT injections performed by another physician for a 
separate condition. 

BoNTs Approved for the Treatment of Urologic Conditions 

OnabotulinumtoxinA (OBTA) is approved by the Food and Drug Administration 
(FDA) for the treatment of adult patients (>18 years of age) with OAB that impairs 
QOL and is unresponsive to anticholinergic medications. OBTA is also approved for 
the treatment of adult patients (>18 years of age) with NDO that impairs QOL and 
upper urinary tract function. 

Neither of the other FDA-approved serotype A BoNT products (abobotulinum- 
toxinA [ABTA] and incobotulinumtoxinA [IBTA]) nor the single serotype B BoNT 
(rimabotulinumtoxinB [RBTB]) is approved for OAB or NDO. None of the BoNT 



CHAPTER 16: BoNT FOR UROLOGIC CONDITIONS ■ 235 


products available in the United States are currently approved for DD, BPH, or for the 
treatment of urologic conditions in children. 

Approvals Outside of the United States 

None were discovered in a review of the literature and/or government agency publica- 
tions related to the approved indications of BoNTs. 

Duration of Effect 

The reported duration of action of BoNTs in smooth muscle is significantly longer 
than that observed in skeletal muscle. For OBTA, the typical duration of effect is 
reported to be 6 months for 10 AB and 9.5 months for NDO (16, 346). 

Level of Evidence 

Chancellor et al. performed an evidence-based review of BoNT for the treatment of 
urologic disorders including IOAB, NDO, DD, and BPH (230). 

IOAB 

The authors concluded that evidence from existing trials supports a Level A 
(Established as effective) recommendation for the use of OBTA for the treatment of 
IOAB. Due to limited evidence for IOAB, a Level U (Unproven) recommendation 
was reported for the other serotype A BoNTs (ABTA and IBTA) and for RBTB (230). 

NDO 

A Level A recommendation was reported for OBTA and ABTA. Due to a lack of 
studies evaluating the efficacy of IBTA and RBTB, a Level U recommendation was 
reported for these BoNT products (230). 

BPH 

A Level B (Probably effective) recommendation was reported for BoNT (specifically, 
OBTA) for the treatment of BPH. Due to the lack of sufficient evidence, the authors 
reported a Level U recommendation for ABTA, IBTA, and RBTB for the treatment of 
BPH (230). 

A 201 1 evidence-based review of BoNT therapy for the treatment of DO (IOAB, 
NDO, and DD), bladder outflow obstruction (BOO), and painful bladder (PB) reported 
Level I evidence supporting the use of OBTA and ABTA for the treatment of NDO in 
adult patients (2011). The review also concluded that there was Level I evidence for 
ABTA in the treatment of NDO in children. Level 1 evidence was also reported for OBTA 
for the treatment of IOAB, DD, BOO, and PB associated with interstitial cystitis (35 1 ). 

DD 

A review of the literature revealed a limited number of studies of BoNT. In 2014, the 
existing evidence is insufficient to make a recommendation for the use of BoNTs in 
the treatment of DD (230, 351). 
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Dosage 

IOAB AND NDO 

OBTA is approved for the treatment of IOAB and NDO in the United States. For the 
treatment of IOAB, the manufacturer’s recommended dose of OBTA is 100 units. For 
NDO, the manufacturer’s recommended dose of OBTA is 200 units. For DO, the dura- 
tion of efficacy is reported to be longer in smooth muscle than in skeletal muscle, with 
a reported duration of 6 months for OAB and 9.5 months for NDO (16). 

OBTA 

The published dose range for the treatment of IOAB is 50 to 300 units. A higher 
incidence of adverse events (e.g., urinary retention and infection) is reported with 
doses exceeding 100 units (16, 230). The published dose range for NDO is 200 to 
300 units. 

ABTA 

For the treatment of NDO and IOAB, the reported dose of ABTA is 500 to 1,000 units 
(352-355). 

IBTA 

PubMed and Medline searches returned no studies or reports related to IBTA in the 
treatment of DO (IOAB, NDO). 

RBTB 

Evidence and studies using RBTB for IOAB and NDO are limited. The optimal dose 
for RBTB for DO (IOAB, NDO) is not well defined. Currently available studies 
reported a dose of 5,000 units RBTB for these conditions (356). 

DD 

There are a limited number of studies evaluating the efficacy of BoNTs for the treatment 
of DD and the use of BoNT to treat DD remains off-label. The published dose range for 
OBTA for DD is 100 to 240 for adult patients. A 2014 article reported a dose of 300 units 
ABTA for the treatment DD in adults (357). In pediatric patients with myelodysplasia, 
Safari et al. reported a dose of 8 units/kg of ABTA injected into the detrusor and 2 units/kg 
injected into the external sphincter muscle (358). PubMed and Medline searches returned 
no articles reporting on the use of IBTA or RBTB for the management of DD. 

BPH 

As noted, there are a limited number of studies evaluating the optimal dose of the 
various BoNT products for the treatment of BPH (230). The published dose range of 
OBTA for the treatment of BPH is 100 to 600 units. Nikoobakht et al. reported using 
300 to 600 units ABTA for BPH (359). There are no published reports on the dose of 
IBTA or RBTB for the treatment of BPH. 
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Toxin Dilution 

OBTA, ABTA, and IBTA should only be reconstituted or diluted with preservative-free 
normal saline (PFNS, 0.9%). RBTB is provided in solution and does not require dilu- 
tion. If desired, RBTB can be diluted with normal saline. 

OBTA FOR IOAB 

For treatment of IOAB, a 100-unit vial of OBTA is diluted with 10 mL of PFNS, which 
results in a concentration of 10 units/mL or 1 unit/0.1 mL. 

OBTA FOR NDO 

The recommended dose is 200-units. To achieve the correct dilution for a 200-unit 
dose, either two 100-unit vials or one 200-unit vial of OBTA can be used. 

When using two 100-unit vials of OBTA, each vial is diluted with 6 mL PFNS. 
Following this initial reconstitution, draw up 4 mL into three 10-mL syringes. To com- 
plete the dilution/reconstitution, draw up an additional 6 mL of PFNS into each of the 
10-mL syringes for a total volume of 30 mL. 

For a 200-unit vial of OBTA, first dilute/reconstitute the 200-unit vial with 6 mL 
PFNS. Following this initial reconstitution/dilution, draw up 2 mL into three 10-mL 
syringes. Then draw up an additional 8 mL PFNS into each syringe for a total volume 
of 30 mL. Using either of these reconstitution techniques results in a concentration of 
approximately 67 units/10 mL or 0.67 units/0.1 mL (34). 

Injection Pattern 

For IOAB and NDO, BoNT is injected into the detrusor muscle (see Figure 16.1). For 
DD, BoNT is injected into the detrusor and/or external sphincter. For BPH, BoNT is 
injected into the transurethral portion of the prostate gland (see Figure 16.2). 


FIGURE 16.1 Botulinum neurotoxin injection pattern for detrusor muscle and prostate. 
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FIGURE 16.2 Bladder filling. 

Normal bladder filling 




Overactive bladder 


Injection Technique 

Bladder injections are performed using a flexible or rigid cystoscope (230). The needle 
is inserted to a depth of approximately 2 mm and the dose of BoNT is injected into 
the detrusor muscle. The total dose is divided into 20 or 30 equal aliquots or injection 
sites, depending on the dose. Following the injection of the final aliquot of BoNT, 
1 mL PFNS should be injected so that the BoNT remaining in the needle is flushed 
from the needle and injected into the bladder (34). For the treatment of NDO, injec- 
tions are performed in the detrusor and/or external sphincter using a cystoscope. The 
most common techniques for prostate injections are the transperineal or transrectal 
approach using ultrasound guidance (359, 360). 

Clinical Effect 

The reported benefits following BoNT injections when treating IOAB and NDO 
include improved bladder function (i.e., filling/storage, decreased frequency, and urge 
incontinence) (346). Injections of BoNT are reported to reduce bladder and upper uri- 
nary tract pressures when treating patients with DD. OBTA has been shown to reduce 
lower urinary tract obstructive symptoms and nocturia in patients with BPH (34, 230). 

Adverse Events/Side Effects 

The most commonly reported adverse events following BoNT injections for DO, IOAB, 
NDO, and DD are urinary retention and UTIs. Remote risks include the risks listed in the 
full prescribing information for each BoNT product (34, 36, 38, 44, 346, 351). The most 
commonly reported adverse events following BoNT therapy for BPH include postinjec- 
tion hematuria, prostatitis, and exacerbation of pre-existing incontinence (351). 


TABLE 16.1 BoNT for Urologic Disorders Dosage/Dilution Table. Manufacturer’s Published/ Approved Dosage 

(Adults >18 Years of Age) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

U.S. FDA approval 

IOAB and DDANC 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 


UK MHRA 

Currently not an 
approved indication 

Currently not an 
approved indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 


IOAB 

100 units 




>100 units 
associated 
with UTI 
and urinary 
retention 

DO associated with 
neurological conditions 
(NDO) 

200 units 





Dilution 

100 units in 10 mL PFNS 
or 200 units in 30 mL 

PFNS 





Typical Injection Interval 

IOAB 

6 months 

— 

— 

— 


NDO 

9 months 

— 

— 

— 


Injection pattern 

See chapter 

See chapter 

See chapter 

See chapter 



( continued ) 
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TABLE 16.1 BoNT for Urologic Disorders Dosage/Dilution Table. Manufacturer’s Published/Approved Dosage 

(Adults >18 Years of Age) ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Notes 

Published Dosage Range: Adults (>18 Years of Age) 

IOAB 

100-300 units 

500 units 

— 

5,000 units 


NDO 

50-300 units 

500-1,000 units 

— 

5,000 units 


DD 

100-240 units 

300 units 

— 

— 


BPH 

100-200 units 

300-600 units 

— 

— 


Published Dosage Range: Pediatric Patients (<18 Years of Age) 

IOAB 

10 units/kg 

400-500 units (13-14 
units/kg) 6-16 years 
of age 




NDO 

10 units/kg 

10-20 units/kg 

— 

— 


DD 

Detrusor: 10 units/kg 
or 8 units/kg (detrusor) 

+ 2 units/kg (external 
sphincter) 






Abbreviations: ABTA, abobotulinumtoxinA; BPH, benign prostatic hyperplasia; DD, detrusor dyssynergia; DDANC, detrusor dysfunction associated with neurologic 
conditions; FDA, Food and Drug Administration; IBTA, incobotulinumtoxinA; IOAB, idiopathic overactive bladder; NDO, neurogenic detrusor overactivity; OBTA, 
onabotulinumtoxinA; PFNS, preservative-free normal saline (0.9%); RBTB, rimabotulinumtoxinB; UTI, urinary tract infection. 

Sources: Refs. Adapted from Refs. 16, 34, 36, 38, 44, 230, 340-342, 344, 345, 348, 349, 351-360, 373, 588-603. 
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1 — Part IV — 1 

Botulinum Neurotoxins 
for Pain Conditions 


While the efficacy and safety of botulinum neurotoxins (BoNTs) for treating pain 
associated with cervical dystonia and chronic migraine are well recognized, the pre- 
cise mechanism of action (MO A) by which BoNTs exert antinociceptive effects is not 
entirely understood (11, 628, 638). 

BoNTs may indirectly reduce pain by reducing muscle spasm or muscle 
overactivity. However, there is an increasing body of literature suggesting that BoNTs 
also have a direct antinociceptive effect that is likely responsible for the reduced 
pain seen in patients with pain syndromes or conditions. For example, BoNTs block 
vesicle-mediated exocytosis at the neuromuscular junction and at pain signaling 
synapses, thereby blocking the release of neurotransmitters (e.g., acetylcholine), 
nociceptive neurotransmitters, and other pain peptides (11). BoNTs may also modify 
afferent input from muscles spindles and pain from inflammation (1 1, 371, 397). A full 
description of the BoNT MOA for pain reduction is beyond the scope of this text and 
readers are referred to several review articles (450, 416, 11, 371, 397). 

All four of the BoNT products currently available in the United States are 
approved by the Food and Drug Administration (FDA) for the treatment of pain 
and muscle overactivity associated with cervical dystonia (Botox PI®, Dysport PI®, 
Myobloc PI®, Xeomin PI®). OnabotulinumtoxinA (OBTA, Botox) is also approved for 
the treatment of pain associated with chronic migraine and for the treatment of upper 
limb spasticity in adult patients. There are also reports of decreased pain and spasms 
in addition to decreased spasticity with the use of OBTA injections in these conditions 
(Botox PI). Currently none of the BoNT products available in the United States is 
approved for the treatment of other pain conditions. Therefore, their use for treatment 
of pain disorders remains off-label. 

There is an increasing body of literature on the use of BoNT injections to reduce 
the pain associated with a wide variety of musculoskeletal and neurologic disorders 
including: 

• Myofascial pain (Gobel et al., 2006 [396]; Porta, 2000 [383]) 

• Trigger points (Singh, 2013 [416]) 



242 ■ PART IV: BoNTs FOR PAIN CONDITIONS 


• Piriformis syndrome (Al-Al-Shaikh et al., 2014 [611]) 

• Thoracic outlet syndrome (TOS) (Foley et al., 2012 [443]) 

• Epicondylitis/epicondylosis (Singh, 2013 [416]) 

• Plantar fasciitis (Chou et al., 201 1 [385]) 

• Arthritis-related joint pain (Singh et al., 2009 [422]) 

• Shoulder pain, including poststroke shoulder pain (Baker and Pereira, 2013 [612]) 

• Hip pain and perioperative pain in children and adults with cerebral palsy (Baker and 
Pereira, 2013 [612]; Barwood et al., 2000 [251 ]) 

• Spasms and pain from spasticity (Brown et al., 2014 [450]; Singh, 2013 [416]; Baker 
and Pereira, 2013 [612]; Barwood et al., 2000 [251]) 

• Neuropathic pain (Brown et al., 2014 [450]) 

Although the use of BoNTs to treat musculoskeletal pain remains off-label, 
BoNT therapy may be offered to patients who have failed other treatment modalities. 
This section of the text includes chapters on the use of BoNT injections for the treat- 
ment of chronic migraine and a review of BoNT injections for various musculoskeletal 
pain syndromes. 
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Botulinum Neurotoxins for the 
Treatment of Headache 

Katharine E. Alter, MD 
Pritha Ghosh, MD 



Condition 

Pain associated with headache (HA) is a common clinical complaint, affecting 
45 million individuals annually in the United States and being the fifth most common 
cause of presentation to an emergency department. In the United States, the preva- 
lence of severe HA in adults (>18 years of age) is reported to be between 16% and 
26%, with a reported worldwide incidence of 8% to 18% (361, 362). The International 
Headache Society (IHS) has specific diagnostic criteria for various HA subtypes 
including migraine HA (MHA), chronic migraine HA (CMHA), and tension type HA 
(TTH) (363, 364). A full discussion of this classification is beyond the scope of this 
chapter and for details readers are referred to the IHS. In brief, HAs are first divided 
into two categories, primary and secondary HA. In primary HA, the HA is the primary 
condition (e.g., MHA and TTH), whereas in secondary HAs, the HA symptoms can 
be attributed to another primary condition (e.g., posttraumatic HA or low pressure/ 
post-lumbar puncture HA). HA is further subdivided into episodic (<15 days/month) 
and chronic HA (>15 days/month for longer than 3 months) (365). 
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Migraine 

MHA is a primary HA disorder that is often accompanied by other symptoms including 
photophobia, phonophobia, nausea, and vomiting. Although the pathophysiology of 
MHA is incompletely understood, it is attributed at least in part to activation of nocic- 
eptors on the meninges and surrounding blood vessels leading to stimulation of intra- 
cranial pain signaling pathways and dysfunction of endogenous pain control pathways 
(366, 367). This process includes stimulation of trigeminal neurons and perivascular 
nerve endings, resulting in the release of vasoactive peptides and peptide mediators 
involved with pain signaling. Chronic migraine is a HA disorder with a frequency of 
greater than or equal to 15 days with MHA per month for at least 3 months. 

Tension Type Headache 

TTH is the most common primary HA subtype and is associated with both disability and 
reduced quality of life (364, 368). The pathophysiology of TTH is not well understood, in 
part because TTH likely has a variety of causes. Current opinion on the pathophysiology 
of TTH includes central and peripheral mechanisms of pain. Pain can be mild or moder- 
ate and is most often described as bilateral, band-like tightening, or aching pain. It is not 
typically associated with nausea or vomiting, but photophobia may be described. 

Chronic Daily HA 

Chronic daily HA (CDA) is a group of HA disorders that includes both CMHA and 
TTH. Patients typically report having daily HAs. They have higher use/overuse of 
medications and report a higher incidence of disability (365). 

Clinical/F unctional Impact 

HA, particularly chronic HA, has a significant impact on quality of life, participation 
in family life, and may lead to frequent absences from work. Chronic pain associated 
with HA may lead to medication overuse and other adverse events. 

Pattern of Involvement 

The pain of MHA is often unilateral and is typically described as moderate to severe 
pain that is pulsating or stabbing in character. Pain is increased by lights, sound, physi- 
cal activity, and, as noted, patients often report nausea and/or vomiting. The pain of 
TTH is typically bilateral, band-like, and mild to moderate in severity. 

Evaluation 

The diagnosis of migraine, migraine variants, and TTH is largely based on a thorough 
clinical history and physical examination to rule out potential causes of secondary HA. 
Evaluation should include a HA diary, which helps establish the frequency, severity, 
chronicity, and impact of HA on a patient's function. Establishing the frequency of 
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HAs in terms of days per month is critical when considering botulinum neurotoxin 
(BoNT) therapy, as many insurers require preauthorization with documentation of this 
information prior to approving treatment. 


Treatment of Headache 

Migraine 

The treatment of migraine is subdivided into abortive and preventive treatments. 
Treatment is also divided into oral medication, injectable agents, neurostimulation, 
and surgery (366, 367). Patients use a variety of over-the-counter (OTC) medications 
for acute treatment of both MHA and TTH, including acetaminophen, nonsteroidal 
anti-inflammatory drugs (NSAlDs), and caffeine-containing drugs. Migraine-specific 
prescription abortive agents include tryptans, ergot-containing drugs, and analgesics 
(367). Preventive treatments are used to reduce the frequency, duration, and/or sever- 
ity of MHA and options include anticonvulsants (e.g., topiramate and valproate), 
beta-adrenergic blockers, calcium channel blockers, and selective serotonin reuptake 
inhibitors (SSRIs). 


Tension Type Headache 

The treatment of TTH includes OTC analgesics (e.g., acetaminophen and NSAlDs), 
antidepressants (e.g., SSRIs and tricyclic antidepressants), and occasionally injections 
of local anesthetics or steroids. Behavioral techniques include behavioral modification, 
relaxation techniques, and massage therapy (369, 370). 


BoNT Therapy for HA 

BoNT injections have been effective in reducing the frequency and severity of 
CMHAs that occur 15 days or more per month. BoNT may also be useful in some 
patients with CDA, episodic migraine (<15 HA days per month), and TTH (362, 
371, 372). The BoNT mechanism of action (MOA) at presynaptic cholinergic nerve 
terminals involves blocking the release of acetylcholine. There is also evidence that 
BoNTs block the release of vasoactive and neuropeptides involved in pain signaling. 
Although the precise MOA for how BoNTs reduce the frequency, duration, and sever- 
ity of pain associated with CMHA, CDHA, and TTH is not fully described, it is likely 
related to reduced afferent pain signaling and central sensitization, rather than from a 
direct neuromuscular effect (362, 365). 


BoNTs Approved for the Treatment of HA 

OnabotulinumtoxinA (OBTA or Botox®) was approved by the FDA in 2010 for HA 
treatment in adult patients with chronic migraine (>15 HA days per month, lasting >4 
hours per day). None of the other FDA-approved BoNTs are currently approved for 
the treatment of HA (abobotulinumtoxinA [ ABTA/Dysport®], incobotulinumtoxinA 
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[IBTA/Xeomin®], or rimabotulinumtoxinB [RBTB/Myobloc®/NeuroBloc®]), (36, 38, 
44). Therefore, the use of BoNTs other than OBTA and/or the use of BoNTs for pre- 
vention/treatment of episodic migraine (<15 days per months) and for treatment of 
TTH is currently off-label. 

Approvals Outside the United States 

OBTA or Botox was approved in 2010 by regulatory agencies in Canada and the 
United Kingdom for the treatment of chronic migraine. 

Level of Evidence 

There is high-quality evidence to support the use of serotype A BoNT (OBTA) for 
the treatment of chronic migraine. BoNTs for the treatment of other HA subtypes 
may be effective, but this has not yet been established (369-371, 373). In a recent 
review, Jabbari and Machado evaluated the evidence supporting the use of BoNTs 
for the treatment of refractory pain including MHA, CMHA, and TTH (138, 371). 
The authors concluded that that there is sufficient evidence from Level 1 studies to 
support a Level A (Established as effective) recommendation for use of OBTA for the 
treatment of CMHA (>15 HA days per month, >4 hours per day, and >3 months dura- 
tion). The same authors concluded that there is sufficient evidence to support a Level B 
(Insufficient evidence to support or refute efficacy/safety, but established as probably 
effective) recommendation for use of OBTA for the treatment of CDHA and TTH. 
The authors recommended additional studies for chronic TTH and CDHA to evaluate 
efficacy in these patients as the currently available studies were limited by their design 
and inclusion criteria. 


Injection Pattern 

The three most commonly used injection patterns when injecting BoNT for 
CMHA are a “fixed dose protocol” (FDP), a “follow the pain protocol” (FTPP), 
and a “combined approach.” In the FDP, a prescribed dose of BoNT is injected 
into a predetermined set of muscles at a fixed number of injection sites. This 
injection paradigm is used regardless of the patient's symptoms. When using the 
FTPP, physicians alter/adjust the injection pattern and toxin dosage based on the 
patient’s symptoms. The combined approach utilizes fixed injection sites and 
doses in some muscles along with asymmetric injections from the FTPP in other 
muscles. 

FIXED DOSE PROTOCOL 

BoNT is injected bilaterally in a total of 31 sites (corrugator: 2 sites, procerus: 1 site, 
frontalis: 4 sites, temporalis: 8 sites, occipitalis: 6 sites, cervical paraspinal: 4 sites, 
and trapezius: 6 sites) (see Figure 17.1). 
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FIGURE 17.1 Fixed dose injection pattern. 



Follow the Pain Protocol 

The sites of injection and dose per site are adjusted based on the patient’s symptoms 
and/or where the clinician elicits pain or tenderness with palpation. The muscles that 
may be targeted in this approach include the muscles listed previously in the FDP as 
well as the masseter, splenius capitis, and sternocleidomastoid. 

Combined Approach 

In this approach, a fixed injection pattern is performed in the facial/frontal muscles 
with additional injections performed at posterior sites (Figure 17.2) (365). 

FIGURE 17.2 Combined approach injection pattern (fixed and follow the pain). 
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Toxin Dilution 

OnabotulinumtoxinA 

A 100-unit vial of OBTA is diluted with 2 mL preservative free normal saline (PFNS, 
0.9%) or a 200-unit vial is diluted with 4 mL PFNS for a concentration of 50 units/mL 
or 5 units/0.1 mL (see BoNT dosage/dilution tables for full information on dilution). 

Dosage 

For the treatment of CDHA, MF1A, and TTH, information on the starting dose and / 
or optimal dose for all of the available BoNT products is limited. There is more infor- 
mation on dosing of serotype A BoNT (OBTA) for the treatment of CMHA (34). 
Additional studies are required to determine the efficacy, dosage, and safety of ABTA, 
1BTA, and RBTB for the treatment of CMHA. Additional studies are also required to 
establish the efficacy, optimal dosage, and safety of OBTA, ABTA, 1BTA, and RBTB 
for the treatment of other migraine subtypes and other types of HA. The following 
section summarizes doses of FDA-approved BoNT products, as available for the treat- 
ment of CMHA. 

OBTA Fixed Dose Protocol 

The manufacturer’s recommended dose for CMHA is 155 units divided into 31 sites 
(5 units at each injection site) using a fixed injection site pattern as follows: corruga- 
tors, 10 units (2 sites; 1 on the right and 1 on the left); procerus, 5 units (single site); 
frontalis, 20 units (4 sites; 2 on the right and 2 on the left); temporalis, 40 units (8 sites, 
4 on the right and 4 on the left); occipitalis, 30 units (6 sites; 3 on the right and 3 on 
the left); cervical paraspinals, 20 units (4 sites; 2 on the right and 2 on the left); and 
trapezius, 30 units (6 sites; 3 on the right and 3 on the left) (34). 

OBTA Follow the Pain Protocol 

When using this protocol, injections may be performed unilaterally or bilaterally 
and the injected dose may be asymmetric. A total of 155 to 200 units is divided into 
39 sites or fewer with 2.5 to 5 units per injection site as follows: corrugators 
(2.5 units/site, 1-2 sites/side); procerus (2.5-5 units, single site); frontalis 
(2.5-5 units/site, 2^1 sites, 1-2 sites/side); temporalis (2.5-5 units/site, 8-10 sites/side, 
4-5 sites/side); occipitalis (2.5-5 units/site, 2 sites, 1 site/side); cervical paraspinals 
(2.5-5 units/site, 1-3 sites/side); trapezius (2.5-5 units/site, 2-8 sites, 1-4 sites/side); 
splenius capitis (2.5-5 units/site, 2 sites/side); masseter (2.5-5 units/site, 1-2 sites); 
and sternocleidomastoid (2.5-5 units/site, 2 sites) (365). 
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AbobotulinumtoxinA 

Studies have evaluated the efficacy of various doses of ABTA for the treatment of 
migraine and chronic TTH. In migraine studies, the reported dosage ranged from 80 
to 350 units of ABTA. Injection patterns included up to 15 sites in facial/frontal mus- 
cles and posterior neck muscles (374-376). In chronic TTH studies, 200 to 500 units 
were studied. Injections were described as targeting the following muscles: frontalis, 
corrugator, temporalis, sternocleidomastoid, auricularis, occipitalis, splenius capitis, 
semispinalis capitis, and trapezius (370, 377, 378). 

IncobotulinumtoxinA 

PubMed and Medline search for IBTA and HA, MHA, CDA, and TTH revealed no 
English language studies or reports on the dose of IBTA dosage or pattern of injection. 

RimabotulinumtoxinB 

Studies on the use of RBTB for chronic migraine are limited. In several studies of 
CDHA, the dosage of RBTA ranged from 5,000 to 7,500 units, with 5,000 units being 
the most common dose. Injection patterns and dose per muscle are not well described 
(379). 

Injection Technique 

Injections are performed with 30-gauge, Vi- or 1-inch needles. To date no studies have 
evaluated the benefit of using guidance techniques other than palpation. 

Clinical Effect 

The expected effect is reduced frequency, duration, and severity of HA attacks. 

Reinjection Interval 

The minimum recommended interval between injections is 12 weeks. 

Adverse Events/Side Effects 

The primary adverse events are pain postinjection and weakness in injected muscles. 
Less frequent adverse events/side effects include ptosis, diplopia, and respiratory 
infections. Generalized weakness, anaphylaxis, and death are theoretical risks. 



TABLE 17.1 BoNT for Chronic Migraine Manufacturer Recommended Dosage and Recommended Dilution 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport*) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

U.S. FDA approval 

Approved for chronic migraine 

Currently not an 

FDA-approved 

indication 

Currently 
not an FDA- 
approved 
indication 

Currently 
not an FDA- 
approved 
indication 

UK Medicines and 

Healthcare products 
Regulatory Agency (MHRA) 

Approved for chronic migraine (>1 5 HA days 
per month, >8 migraine days) 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Currently not 
an approved 
indication 

Total dose 

155 units 

N/A 

N/A 

N/A 

Corrugator 

10 units divided into 2 sites (1 site per side, 

5 units per site) 

N/A 

N/A 

N/A 

Frontalis 

20 units divided into 4 sites (2 sites per side, 

5 units per site) 

N/A 

N/A 

N/A 

Occipitalis 

30 units, divided into 6 sites (3 sites per side, 

5 units per site) 

N/A 

N/A 

N/A 

Cervical paraspinals 

20 units divided into 4 sites (2 sites per side, 

5 units per site) 

N/A 

N/A 

N/A 

Procerus 

5 units, 1 site 

N/A 

N/A 

N/A 

Temporalis 

40 units divided into 8 sites (4 site per side, 

5 units per site) 

N/A 

N/A 

N/A 

Trapezius 

30 units divided into 6 sites (3 sites per side, 

5 units per site 

N/A 

N/A 

N/A 


( continued ) 
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TABLE 17.1 BoNT for Chronic Migraine Manufacturer Recommended Dosage and Recommended Dilution (continued) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Dilution (concentration) 

200 units in 4 mL PFNS or 100 units in 2 mL 

PFNS a (50 units/mL or 5 units/0.1 mL) 

N/A 

N/A 

N/A 

Minimum recommended 
dosage interval 

12 Weeks 

N/A 

N/A 

N/A 

Migraine Treatment Outside the United States 

Total dose: fixed dose 
injection pattern 

1 55 units, 31 sites (see chapter for details) 

N/A 

N/A 

N/A 

Total dose: follow the pain 
injection pattern 

155-195 units, 31-39 sites in 7 head and neck 
regions b 

N/A 

N/A 

N/A 

Corrugator 

10 units divided into 2 sites (1 site per side, 

5 units per site) 

N/A 

N/A 

N/A 

Frontalis 

20 units divided into 4 sites (2 sites per side, 

5 units per site) 

N/A 

N/A 

N/A 

Procerus 

5 units, 1 site 

N/A 

N/A 

N/A 

Temporalis 

40 units divided into 8 sites (4 sites per side, 

5 units per site) or 50 units divided into 10 sites 
(5 sites per side, 5 units per site) 

N/A 

N/A 

N/A 

Cervical paraspinals 

20 units divided into 4 sites (2 sites per side, 

5 units per site) 

N/A 

N/A 

N/A 

Occipitalis 

30-40 units divided into 6-8 sites (3-4 sites per 
side, 5 units per site) 

N/A 

N/A 

N/A 


( continued ) 
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TABLE 17.1 BoNT for Chronic Migraine Manufacturer Recommended Dosage and Recommended Dilution ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc*) 

Migraine Treatment Outside the United States ( continued ) 

Trapezius 

30-50 units divided into 6-10 sites (3-5 sites per 
side, 5 units per site) 

N/A 

N/A 

N/A 

Dilution (concentration) 

200 units in 4 mL PFNS or 100 units in 2 mL 

PFNS 3 (50 units/mL or 5 units/0.1 mL) 

N/A 

N/A 

N/A 

Minimum recommended 
dosage interval 

12 Weeks 

N/A 

N/A 

N/A 


Reconstitute only with PFNS. 

b All injections are bilateral except the procerus. 

Abbreviations: ABTA, abobotulinumtoxinA; HA, headache; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal 
saline (0.9%); RBTB, rimabotulinumtoxinB. 

Sources: Adapted from Refs. 34, 36, 38, 44. 
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TABLE 17.2 BoNT for Headache Conditions, Published Dosage Range and Recommended Dilution ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Migraine Published Dosage Range: Adults (>18 Years of Age) 

Dosage range per 
treatment session 

65-260 units 

80-350 units 

Not reported 3 

50-200 units b 

5,000-8,000 units 

Corrugators 

10 units divided into 

2 sites (1 site per side, 

5 units per site) 

20-40 units divided into 

2 sites (1 site per side, 
10-20 units per site) 

Not reported 3 

250-1000 units, divided into 
1-2 sites per side 

Frontalis 

20 units divided bilaterally 
into 4 sites 

(2 sites per side, 5 units 
per site) 

20-40 units divided 
bilaterally (1-2 sites per 
side, 10-20 units per site) 

Not reported 3 

20 units divided bilaterally 
into 4 sites (2 sites per side, 

5 units per site) b 

500-2,000 units, divided 
bilaterally (1-2 sites per 
side, 250-500 units per site) 

Masseter (optional) 

0-5 units per side divided 
into 1-2 sites (0-1 site per 
side, 0-2.5 units per side, 
2.5-5 units per site) 

Not reported 3 

0-1 5 units per side 
divided into 2 sites (5-7.5 
units per site) b 

Not reported 3 

0-5 units per side divided 
into 1-2 sites (0-1 site per 
side, 0-2.5 units per side, 

2.5-5 units per site) b 

Not reported 3 


( continued ) 
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TABLE 17.2 BoNT for Headache Conditions, Published Dosage Range and Recommended Dilution ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport*) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Migraine Published Dosage Range: Adults (>18 Years of Age) ( continued ) 

Procerus 

5 units, 1 site 

10-15 units, 1 site* 

5 units, 1 site* 

250-500 units, 1 site 

Temporalis 

40-50 units divided 
bilaterally into 8-10 sites 
(4-5 sites per side, 5 units 
per site) 

20-40 units divided 
bilaterally (1 site per 
side, 10-20 units per site) 

Not reported 3 

40-50 units divided bilaterally 
into 8-10 sites (4-5 sites per 
side, 5 units per site)* 

500-6,000 units divided 
bilaterally (1-3 sites per 
side, 250-1,000 units per 
site) 

Sternocleidomastoid 

Not reported 3 

5-30 units per side, 

1-2 sites* 

Not reported 3 

10-60 units per side, 
divided (1-2 sites per 
side)* 

Not reported 3 

5-30 units per side, divided 
(1-2 sites per side)* 

500-1,250 Units per muscle 
(1-2 sites per side) 

Splenius capitis 

10-20 units divided 
bilaterally (2 sites per side, 
2.5-5 units per site) 

40 units divided 
bilaterally (20 units per 
side, 2 sites per side, 10 
units per site) 

Not reported 3 

10-20 units divided bilaterally 
(2 sites per side, 2.5-5 units 
per site)* 

Reported as "cervical 
muscles and trapezius" 
750-1,250 units per side 
for cervical muscles (4 sites 
per side, 250-500 units per 
side), trapezius (1-6 sites 
per side, 250-1,000 units 
per side) 


( continued ) 
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TABLE 17.2 BoNT for Headache Conditions, Published Dosage Range and Recommended Dilution ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport*) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Migraine Published Dosage Range: Adults (>18 Years of Age) ( continued ) 

Semispinalis capitis 

10-20 units divided 
(2 sites per side, 2.5-5 
units per site) 

Not reported 8 

50-75 units per side 
(1-2 sites, 25-37.5 units 
per site) b 

Not reported 3 

10-20 units divided bilaterally 
(2 sites per side, 1 .5-5 units 
per site) b 


Occipital region 

30-40 units divided 
bilaterally (6-8 sites, 

3-4 sites per side, 5 units 
per site) 

20-40 units per side 
(1-4 sites per side, 5-10 
units per site) 

Not reported 3 

30-40 units divided bilaterally, 
6-8 sites (3-4 sites per side, 

5 units per site) b 


Trapezius 

20-50 units per side 
(2-3 sites per side, 

10-15 units per site) 

20-80 units per side 
(1-4 sites per side, 10-20 
units per site) b 

Not reported 3 

20-40 units per side (2-3 sites 
per side, 1 0-1 5 units per site) b 


Dilution 

(concentration) 

200 units in 4 mL PFNS or 
100 units in 2 mL PFNS 
(50 units/mL or 5 units/ 

0.1 mL) 

For <300 units: 300 units 
diluted in 3 mL PFNS 
(100 units/mL, 10 units/ 

0.1 mL) 

For >300 units: 500 units 
diluted in 2.5 mL PFNS or 
300 units in 1.5 mL PFNS 
(200 units/mL, 20 units/ 

0.1 mL) 

Not reported 3 

200 units in 4 mL PFNS or 

100 units in 2 mL PFNS 

(50 units/mL or 5 units/0.1 mL) b 

Not required, provided in 
solution, 5,000 units/mL c 


( continued ) 
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TABLE 17.2 BoNT for Headache Conditions, Published Dosage Range and Recommended Dilution ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Other Headache Conditions 

Tension type HA total 
dosage 

7.5-240 units 

210-500 units 

Not reported 3 

50-100 units b 

5,000-7500 units 

Muscle injection 
pattern 

Divided, up to 24 sites 

Divided bilaterally, up to 

18 sites 



Auricularis 

Not reported 3 

20 units per side (1 site 
per side, 20 units per 
site) 

Not reported 3 

Not reported 15 

Corrugator 

2.5-5 units per side 
(1-2 sites, 1.2-2. 5 units 
per site) 

10-20 units divided into 

2 sites (1 site per side, 

5-10 units per site) 

Not reported 3 

2.5-5 units per side, 1-2 sites 
(1.2-2. 5 units per site) b 

Similar to migraine pattern, 
as above 

Frontalis 

5-20 units per side 
(2-4 sites per side, 1 .25-5 
units per site) 

10-30 units per side 
(2 sites per side, 12.5-25 
units per site) 

Not reported 3 

5-20 units per side (2-4 site 
per side, 1 .25-5 units per site) b 

Similar to migraine pattern, 
as above 

Occipitalis 

10-20 units (1-2 sites per 
side, 5-10 units per site) 

Up to 20 units per side 
(1-2 sites per side, 

5-1 0 units per site) 

Not reported 3 

10-20 units (1-2 sites per side, 
5-10 units per site) b 

Not reported 3 


(continued) 
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TABLE 17.2 BoNT for Headache Conditions, Published Dosage Range and Recommended Dilution ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Other Headache Conditions ( continued ) 

Procerus 

2.5-5 units, 1 site 

5-10 units, 1 site 

Not reported 3 

2.5-5 units, 1 site b 

Similar to migraine pattern, 
as above 

Semispinalis capitis 

10-20 units per side 
(2-4 sites per side, 2.5-5 
units per site) 

Up to 25 units per side 
(1-2 sites per side, 

2.5-25 units per site) 

Not reported 3 

10-20 units per side (2-4 sites 
per side, 2.5-5 units per site) b 

Similar to migraine pattern, 
as above 

Splenius capitis 

20-30 units per side (1-2 
sites per side, 10-15 units 
per site) 

20-40 units per side 
(4 sites per side, 5-10 
units per site) 

Not reported 3 

20-30 units per side (1-2 sites 
per side, 10-15 units per site) b 

Similar to migraine pattern, 
as above 

Sternocleidomastoid 

2.5-10 units per side (1-2 
sites per side, 2.5-5 units 
per site) 

20-30 units per side 
(1 site per side, 20-30 
units per site) 

Not reported 3 

2.5-10 units per side (1-2 sites 
per side, 2.5-5 units per site) b 

Similar to migraine pattern, 
as above 

Temporalis 

10-40 units per side (1-8 
sites per side, 5 units per 
site) 

25-50 units per side 
(2-4 sites, 12.5-25 units 
per site) 

10-40 units per side (1-8 sites 
per side, 5 units per site) 

Similar to migraine pattern, 
as above 

Trapezius 

20-50 units per side (4-10 
sites per side, 4-5 units 
per site) 

25-90 units per side 
(3-6 sites, 10-15 units 
per site) 

Not reported 3 

20-50 units per side (4-10 sites 
per side, 4-5 units per site) b 

Similar to migraine pattern, 
as above 


( continued ) 
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TABLE 17.2 BoNT for Headache Conditions, Published Dosage Range and Recommended Dilution ( continued ) 


BoNT Preparation 

OBTA (Botox*) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Other Headache Conditions ( continued ) 

Chronic daily HA 

20-240 units divided 
bilaterally, injection 
pattern not specified 

200-500 units divided 
bilaterally, injection 
pattern not specified 

Not reported 3 

50-200 units divided 
bilaterally, similar to tension 

HA b 

5,000-7,500 units 

Injection pattern similar to 
migraine, as above 

Dilution 

(concentration) 

200 units with 4 mL PFNS 
or 100 units with 2 mL 

PFNS (50 units/mL or 

5 units/0.1 mL) 

For doses <300 units: 

300 units diluted in 3 mL 
PFNS (100 units/mL or 

10 units/0.1 mL) 

For doses 300-400 units: 
500 units with 2.5 mL 

PFNS or 300 units in 

1.5 mL PFNS (200 units/ 
mL, 20 units/0.1 mL) 

200 units with 4 mL PFNS or 

100 units with 2 mL PFNS 
(50 units/mL or 5 units/0.1 mL) b 



a No published information on dose/dosage. 
b First author’s dosage range. 

c If desired, may be diluted with normal saline for injection. 

Abbreviations: ABTA, abobotulinumtoxinA; HA, headache; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; PFNS, preservative-free normal 
saline (0.9%); RBTB, rimabotulinumtoxinB. 

Source: Adapted from Refs. 34, 36, 38, 44, 362, 366, 371, 374-376, 379, 604-609. 
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Illustrations for Migraine Injection 
Patterns — Chapter 17 


FIGURE 1 Botulinum neurotoxin injection pattern for migraine, facial muscle injection sites. 



Frontalis 


.Orbicularis oculi 


Zygomaticus 


Occipitalis 


Nasalis 


Orbicularis oris 
Buccinator 


Parotid 

gland 


Risorius" VWV V 

Mentalis— 
Depressor labii inferioris 

Depressor anguli oris 


Platysma 


# Injection sites 



FIGURE 2 Botulinum neurotoxin injection pattern for migraine, facial and neck muscle 
injection sites. 
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Botulinum Neurotoxin for 
Musculoskeletal Pain Conditions 

Katharine E. Alter, MD 
Nicole A. Wilson, PhD, MD 



Condition 

The biological theory that forms the rationale for the use of botulinum neurotoxins 
(BoNTs) to treat pain is discussed in the Introduction to Part IV of this text “Botulinum 
Neurotoxins for Pain Conditions.” Because of the well-recognized effects of BoNTs 
for reduction of pain and muscle contraction, BoNTs have been used to treat a wide 
variety of conditions associated with intractable pain. These conditions include myo- 
fascial pain syndromes (MPS), cervical dystonia, chronic migraine, osteoarticular 
conditions, various musculoskeletal pain syndromes, thoracic outlet syndrome (TOS), 
pain associated with spasticity, herpetic neuralgia, diabetic neuropathy, and other con- 
ditions. These conditions are associated with pain from a variety of causes and the 
treatments are also varied. Therefore, proven efficacy and/or safety for one pain condi- 
tion (e.g., cervical dystonia or chronic migraine) do not necessarily provide evidence 
that BoNTs are safe and effective for all pain conditions. This chapter and the table that 
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follows focus on the musculoskeletal (MSK)-related pain syndromes for which BoNTs 
are frequently recommended. A brief summary of each condition is presented, as a full 
discussion of each condition is beyond the scope of this chapter. 


Myofascial Pain/Trigger Points 

MPS is a chronic condition characterized by muscle pain and associated with taut 
bands or “trigger points.” The origin of taut bands, trigger points, and the associated 
pain is not completely understood (11, 380). 

Pattern of Involvement 

The most commonly affected muscles include upper limb and neck muscles, including 
the trapezius, levator scapulae, infraspinatus, and scalene muscles (381, 382). 


Clinical/F unctional Impact 

The chronic pain associated with MPS may limit several aspects of daily life, includ- 
ing activities of daily living (ADLs), avocational/vocational tasks and participation, 
and quality of life (382). 


Evaluation 

MPS is a clinical diagnosis that is established through a detailed history and physical 
exam. The presence of pain and trigger points or taut bands is required to establish a 
diagnosis of MPS. 


Treatment Options 

A wide variety of nonpharmacologic treatments are used including physical therapy, 
massage, and dry needling. Pharmacologic treatments for MPS include various anal- 
gesics, antidepressants, trigger-point injections with steroids, and/or local anesthet- 
ics (383). Despite the wide variety of treatment options available for patients with 
MPS, many patients are incompletely treated or undertreated and continue to report 
chronic pain. 

BoNTS FOR MPS 

For patients who fail to respond to traditional treatment modalities, BoNT injections may 
be considered and/or recommended as a treatment option. Some patients report signifi- 
cant relief with BoNT therapy, whereas others report limited or no reduction in pain (381). 

BoNTS APPROVED FOR THE TREATMENT OF MPS 

None of the BoNT products currently available in the United States are approved for 
treatment of MPS. The use of BoNTs for the treatment of MPS is considered off-label 
therapy. 
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Level of Evidence 

In a 2011 article, Jabbari and Machado reviewed the evidence for BoNT in the treat- 
ment of intractable pain, including MPS (371). The authors reviewed available studies 
of BoNT for MPS using American Academy of Neurology (AAN) guidelines for the 
classification of quality of evidence from clinical trials (138). They concluded that 
despite the positive response to BoNT in a number of studies, the diverse nature of 
these studies made it difficult to formulate a clear recommendation to clinicians. As a 
result, the authors reported a Level U (Unestablished or unknown) level of evidence for 
BoNT for MPS and recommended additional rigorous clinical trials for this condition. 

Pattern and Technique 

When performing BoNT injections in MPS, clinicians typically target trigger points. 
Most physicians report using a “follow the pain" approach in which palpation is used 
to identify the most symptomatic tender points, trigger points, and/or taut bands. To 
guide injections, most physicians report using palpation alone, while some report 
using B-mode ultrasound, and a few clinicians report using EMG. 

Dosage 

The dose of BoNT is product specific; therefore, a wide variety of doses are reported 
in the literature and in clinical practice for the treatment of MPS (384). Clinical tri- 
als have investigated the efficacy, safety, and dose of onabotulinumtoxinA (OBTA), 
abobotulinumtoxinA (ABTA), and rimabotulinumtoxinB (RBTB) for MPS. As noted, 
the recommended or reported dose per trigger point is, in part, determined by the par- 
ticular BoNT product being used. 

OBTA 

The reported dose of OBTA is 20 to 50 units per trigger point with the majority of 
authors reporting a total dose per treatment session of 100 to 300 units (380, 385-392). 
In a 2001 retrospective chart review, Lang reported using up to 600 units of OBTA per 
treatment session (393). 

ABTA 

For ABTA, the reported dose for MPS is 40 to 120 units per trigger point with a 
reported total dose of 250 to 400 units per treatment session (394-396). 

RBTB 

In a retrospective chart review, Lang reported a mean dose of 9,000 units and a dose 
range of 3,000 to 20,000 units per treatment session. The dose per site was not reported, 
but multiple injection sites per muscle were described (393). In a 2003 article, Royal 
reported a maximum dose of 25,000 units RBTB with most patients requiring a lower 
dose. Royal also reported using OBTA and RBTA in MPS patients with a dose per 
muscle that was extrapolated from the literature for cervical dystonia and spasticity 
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(380). No dosing data were found for incobotulinumtoxinA (IBTA) in the treatment 
of MPS (see Table 18.1: BoNT Dosage Table at the end of this chapter for detailed 
information on dosing BoNT for MPS). 

Dilution 

The most commonly reported dilution for OBTA was 100 units in 1 mL preservative- 
free normal saline (PFNS) and 500 units in 2.5 mL PFNS for ABTA. RBTB is supplied 
in solution and does not require reconstitution. If desired, RBTB can be further diluted 
with PFNS. 

Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed warning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 


Piriformis Syndrome 

From its origin on the interior surface of the sacrum, the piriformis muscle exits the 
pelvis through the greater sciatic foramen and runs across the buttock to its insertion 
on the greater trochanter of the femur (397, 398). Typically, the sciatic nerve lies deep 
to the piriformis, but in some patients, the sciatic nerve may pierce or pass through 
the piriformis muscles. Trauma in the buttock region, spasm or hypertrophy of the 
piriformis muscle, and entrapment or compression of the sciatic nerve may cause a 
constellation of symptoms that can be labeled piriformis syndrome (398, 399). 

Pattern of Involvement 

Patients present with varied complaints, including aching buttock pain, trigger points, 
and/or sciatica. 

Clinical/F unctional Impact 

Pain is often disabling and can limit standing, walking, and sleep. Pain may affect 
quality of life and participation in work and avocational tasks. 

Evaluation 

The diagnosis of piriformis syndrome is largely based on the history and clinical 
examination. Palpation along the course of the piriformis as it crosses the buttock 
often elicits pain and/or an involuntary twitch response. X-rays and/or MRI of the 
spine may be considered to rule out spine or hip pathology and electrodiagnostic test- 
ing may be necessary to rule out a lumbar radiculopathy or sciatic nerve compromise. 
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BoNTs Approved for the Treatment of Piriformis Syndrome 

Piriformis syndrome-related pain and sciatica are not approved indications for any of 
the FDA-approved BoNT products. Therefore, the use of BoNTs for the treatment of 
piriformis syndrome remains off-label. 


Level of Evidence 

In a 201 1 article, Jabbari and Machado reviewed the evidence for BoNT in the treat- 
ment of intractable pain conditions, including piriformis syndrome. The authors 
reviewed available studies of BoNT for piriformis syndrome using AAN guidelines 
for the classification of quality of evidence from clinical trials (138). On the basis of 
current evidence, they reported Level B (Probably effective, should be considered) 
evidence for BoNT in the management of piriformis syndrome (371). 


Injection Pattern and Technique 

When injecting the piriformis, the majority of clinicians use palpation in addition 
to another guidance technique, such as EMG, ultrasound, fluoroscopy, or CT (156, 
398, 400). In most centers and practices, ultrasound has largely replaced fluoroscopy 
and CT due to comparable accuracy and outcomes when compared to fluoroscopy. 
Ultrasound had additional advantages, including lower cost, portability, and lack of 
ionizing radiation. Depending on dose of BoNT injected, 1 to 4 injection sites are 
reported (156, 401). 

Dosage 

The dose of BoNT is product specific, leading to a wide variety of reported doses 
for the treatment of piriformis syndrome found both in the literature and in clinical 
practice. 

OBTA 

A dose range of 50 to 200 units has been reported, with the most common doses 
between 50 and 100 units (398, 399, 402). 

ABTA 

Yoon et al. reported a 50% decrease in pain postinjection after a “low dose” of ABTA 
(150 units) was used along with stretching (403). 

RBTB 

A dose of 5,000 to 12,500 units has been reported in clinical case series (400, 404). 
IBTA 

There is no information in the literature on the use of IBTA for the treatment of piri- 
formis syndrome. 
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Dilution 

OBTA 

One-hundred units of OBTA is typically reconstituted with 1 mL PFNS for a concen- 
tration of 100 units/mL or 10 units/0.1 mL. A maximum dose of 50 units at a single 
site is recommended. 

ATBA 

Only a single case series was identified and dilution was not reported (400). 

RBTB 

RBTB is provided in solution and does not require reconstitution. If desired, RBTB 
can be diluted with PFNS. 

Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed war ning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 

Plantar Fasciitis 

Plantar fasciitis (PF) is the most common cause of acute and chronic heel pain. The 
etiology is generally from inflammation following repeated injury and microtears in 
the plantar fascia (385). 


Pattern of Involvement 

Patients present with unilateral or bilateral heel pain that worsens with weight bearing 
and/or walking. 

Clinical/F unctional Impact 

Pain can limit weight bearing and, therefore, may limit functional tasks requiring 
standing and/or walking, including avocational and occupational tasks. 

Evaluation 

The history and clinical examination frequently establish the diagnosis. Ultrasound 
evaluation may show thickening of the plantar fascia with hypoechoic areas suggest- 
ing edema. X-rays may also be useful to rule out honey pathology as a cause of pain. 

Treatment Options 

Treatment options include orthotics, physical therapy modalities (e.g., therapeutic 
ultrasound and extracorporeal shockwave therapy), oral anti-inflammatory agents, dry 
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needling, injections of steroids and/or local anesthetics, prolotherapy, and/or platelet- 
rich plasma (PRP) therapy (371, 405, 406). BoNT injections are often recommended 
when other interventions fail to relieve pain. 

BoNTs Approved for the Treatment ofPF 

PF is not an approved indication for any of the FDA-approved BoNT products. 
Therefore, the use of BoNTs for the treatment of PF remains off-label. 

Level of Evidence 

Jabbari and Machado reviewed the evidence for BoNT in the treatment of 
intractable pain conditions, including PF (371). As noted, the authors reviewed 
available studies of BoNT for PF using AAN guidelines for the classification of 
quality of evidence from clinical trials (138). On the basis of current evidence, they 
reported Level B (Probably effective, should be considered) evidence for BoNT 
for PF (371). 


Injection Pattern and Technique 

When performing BoNT injections for PF most physicians use palpation alone or 
palpation with B-mode ultrasound to guide PF injections (385). EMG is not typi- 
cally used. 


Dosage 

As mentioned, dosage is in part determined by the specific BoNT product used, as the 
recommended dose of a BoNT is product specific. The majority of studies to date have 
used either OBTA or ABTA for PF injections. 

OBTA 

The reported dose range of OBTA for PF is 30 to 70 units per heel divided among 
1 to 3 injection sites (385, 407, 408). 

ABTA 

The reported dose of ABTA is 100 to 200 units per heel in divided doses (409, 410). 


Dilution 

OBTA 

One-hundred units of OBTA is typically reconstituted with 1 mL PFNS for a con- 
centration of 100 units/mL (TO units/0.1 mL). A maximum dose of 50 units may be 
injected into a single site. 
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ABTA 

The typical dilutions for ABTA is 500 units in either 1 mL or 2.5 mL PFNS for 
a dilution of 500 units/mL (50 units/0.1 mL) or 200 units/mL (20 units/0.1 mL), 
respectively. 

Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed warning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 


Osteoarticular Pain Syndromes 

Arthritis/ Articular Pain 

Arthritis can be either acute or chronic. The two most common causes of chronic 
arthritis are osteoarthritis (OA), a degenerative joint disease (DJD), and rheumatoid 
arthritis, an autoimmune process. OA is more common than rheumatoid arthritis, but 
both conditions cause significant pain, limitations in joint range of motion and/or func- 
tion, affect quality of life and participation, and may lead to disability (411). Studies 
related to BoNT therapy for arthritis have primarily focused on OA-/DJD-related pain 
and this section is limited to a discussion of BoNT for this condition. 


Clinical Impact 

Arthritis affects up to 28% of adults in the United States and is one of the leading 
causes of disability in adults (412). Total knee arthroplasty (TKA) is a primary treat- 
ment option, but pain is common following TKA for OA, occurring in up to 18% of 
patients (411, 413). 


Evaluation 

The evaluation of a patient with suspected OA starts with a detailed history and 
physical examination. Laboratory and radiologic studies are often recommended to 
establish the correct diagnosis. 


Treatment 

The treatment of OA is primarily focused on reducing inflammation. Oral nonsteroi- 
dal anti-inflammatory drugs (NSAlDs) are a mainstay of treatment. Topical NSAIDs, 
intra-articular steroid injections, and viscoelastic agents, such as hyaluronic acid, may 
also be effective treatments (414, 415). Unfortunately, many patients experience side 
effects from oral NSA1D therapy and/or their pain is incompletely controlled with 
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these drugs and with other traditional treatments. Because of the well-recognized 
effects of BoNTs for reduction of pain, the use of BoNTs for OA-related pain has been 
evaluated in clinical trials and may be recommended as a treatment option to patients 
(411,416-418). 

BoNTs Approved for the Treatment of Arthritis -Related Pain 

Articular joint pain is not an approved indication for any of the FDA-approved BoNT 
products. Therefore, the use of BoNTs for the treatment of articular joint pain remains 
off-label. Clinical trials evaluating the efficacy and safety of BoNTs for the treatment 
of joint pain have primarily focused on the knee and shoulder joints (417, 419, 420). 
A limited number of trials have explored the use of BoNT in other joints (421-423). 

Level of Evidence 

Jabbari and Machado reviewed the evidence for BoNT in the treatment of intracta- 
ble pain conditions, including refractory knee pain following TKA and painful knee 
arthritis from OA/DJD (371). As mentioned, the authors reviewed available studies 
of BoNT for articular pain using AAN guidelines for the classification of quality of 
evidence from clinical trials (138). On the basis of current evidence, they reported 
Level B (Probably effective, should be considered) evidence for the use of BoNT 
in the treatment of refractory knee pain following TKA. The authors also reported 
Level C (Possibly effective, may be used at the discretion of the clinician) evidence for 
OA-related knee pain (371). These authors did not review data for BoNT injections in 
OA affecting the ankle, hip, shoulder, or other joints. 

Injection Technique 

Knee joint injections are generally performed “blind,” using only palpation or with 
ultrasound guidance. Fluoroscopy or CT guidance is infrequently used. EMG and 
e-stim are not useful for guiding joint injections (18, 156). 

Dosage: OA-Related Knee Pain 

OBTA 

The reported dose for OBTA in the treatment of OA-related knee pain is 25 to 150 units 
per joint, with 100 units per joint as the most commonly reported dose (418, 419). 

OBTA FOR REFRACTORY TKA-RELATED KNEE PAIN 

In a 2010 study, Singh et al. reported a dose of 100 units OBTA per joint for this indi- 
cation (417). 

DILUTION 

One-hundred units of OBTA is typically reconstituted with 1 mL PFNS resulting in a 
concentration of 100 units/mL (10 units/0.1 mL). 
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ADVERSE EVENTS 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full 
prescribing information and boxed warning provided by the manufacturers of each of 
the commercial BoNT products should be consulted. 

Shoulder and Ankle Joints 

In a 2009 double-blind placebo-controlled study, Singh et al. reported the effects of 
OBTA for refractory shoulder pain. Using a dose of 100 units OBTA injected into the 
shoulder joint using a blind posterior approach, statistically significant improvements 
were reported in pain (418). In a 2006 open label study, Mahowald et al. reported the 
effects of OBTA for chronic arthritis-related pain including OA in the ankle, knee, 
and shoulder (419). 


Evidence for BoNT Injections for Joints other than the Knee 

On the basis of one Class I study and one Class III study, there is sufficient evidence to 
support a Level B or C (Probably effective or possibly effective, respectively) recom- 
mendation for the use of BoNT injections for shoulder pain associated with arthritis 
(411). The current evidence supports only a Level U recommendation (Unproven) for 
other joints (411). 

Dosage 

OBTA 

Published studies report doses between 25 and 50 units per ankle and 50 and 
100 units per knee or per shoulder (418, 419, 424). 

ABTA 

The reported dose of ABTA for treatment of adhesive capsulitis in the shoulder is 
200 units per joint (425). 


Dilution 

OBTA 

One-hundred units of OBTA should be reconstituted with 1 mL PFNS resulting in a 
concentration of 100 units/mL (10 units/0.1 mL). 

ABTA 

No information was identified on dilution/reconstitution of ABTA. 



270 ■ PART IV: BoNTs FOR PAIN CONDITIONS 


Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed warning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 


BoNT Injections for Axial Skeletal Joints 

In a 2007 case series, Dykstra et al. reported on the efficacy of OBTA and RBTB 
for axial skeletal joint pain (cervical/lumbar facet joints, sacroiliac joint, and 
sternoclavicular joints) (423). They reported a longer duration of pain relief with either 
BoNT A or BoNT B than with corticosteroid injections. 


Dosage 

Reported dose ranges were 25 to 100 units of OBTA or a dose of 5,000 units of RBTB 
was injected, divided between the various joints listed previously (423). 


Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed warning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 


Anterior Knee Pain Associated with Patellar Maltracking 

The proposed mechanism for knee pain associated with patellofemoral pain (PFP) 
syndrome is that imbalance in the quadriceps extensor mechanism (426), potentially 
related to weakness in the vastus medialis (VM) and/or the vastus medialis obliquus 
(VMO) muscles, leads to lateral patellar maltracking and anterior knee pain. 

Clinical/F unctional Impact 

Patients report significant knee pain and functional problems. 

Treatment 

Initial conservative management has focused on strengthening the VM and/or VMO 
muscles. After failing conservative management, some advocate surgery to release the 
vastus lateralis (VL) tendon and correct maltracking (427, 428). 
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BoNTs Approved for Treatment of PFP Syndrome /Patellar Maltracking 

PFP is not an approved indication for any of the FDA-approved BoNT products. 
Therefore, the use of BoNTs for the treatment of PFP/patellar maltracking is currently 
considered off-label therapy. 

Level of Evidence 

Using AAN guidelines for the evaluation of the quality of evidence from clinical trials, 
Jabbari and Machado reported Level C (Possibly effective, may be used at the discre- 
tion of the clinician) evidence for the use of BoNT in the treatment of anterior knee 
pain associated with PFP syndrome and VM muscle dysfunction (371). 

Injection Pattern and Technique 

Injections were reported at multiple sites (up to eight) in the distal 1/3 of the VL mus- 
cle. EMG guidance is the most common adjunct, but the use of US guidance has also 
been reported (156, 420, 429). 

Dosage 

The dose of BoNT is specific to the product used. When treating PFP, the following 
dose ranges were reported in the literature: 

OBTA 

The mean reported dose was 161 units, with a range of 120 to 210 units (429). 

ABTA 

The mean reported dose was 526 units, with a range of 300 to 700 units (429). Typically, 
300 to 500 units are injected into the VL (generally, the distal 1/3 of the muscle) in 
divided doses (420, 429). 

Dilution 

OBTA 

The dilution of OBTA for the treatment of PFP syndrome was not reported. However, 
the typical dilution is 100 units of OTBA diluted in 1 mL of PFNS resulting in a con- 
centration of 100 units/mL (10 units/0.1 mL). 

ABTA 

Five-hundred units of ABTA are diluted with 1 mL PFNS resulting in a concentration 
of 500 units/mL (50 units/0.1 mL) (420). 

Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full 
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prescribing information and boxed warning provided by the manufacturers of each of 
the commercial BoNT products should be consulted. 


Lateral “Epicondylitis” (or Epicondylosis) 

Lateral epicondylitis (LE), or tennis elbow, is a chronic tendinopathy involving the 
common extensor tendons at or near their insertion on the lateral epicondyle. LE is 
not an inflammatory process; rather, it is a tendinosis or tendinopathy, and is char- 
acterized by degenerative changes in the common tendons of the extensor muscle 
group (extensor carpi ulnaris [ECU], extensor capri radialis brevis [ERCB] and lon- 
gus [ECRL], extensor digitorum [ED], and extensor digiti minimi [EDM]) (430). 
LE is primarily an idiopathic syndrome; however, some patients will present with a 
clear precipitating cause. 

Pattern of Involvement 

LE typically occurs in middle age and affects males and females equally. Patients 
present with pain in the lateral elbow that is exacerbated by grasping movements and 
wrist extension. 


Evaluation 

The diagnosis is most often established by history and physical examination. X-rays 
may be useful to rule out boney pathology. US examination may show a thickened (or 
thinned) tendon that is typically hypoechoic, although it may be hyperechoic/calcified 
in some patients. 


Treatment 

For most patients, the condition is self-limited and no treatment is required other than 
rest. Some patients may require referral to physical therapy for massage, stretching, or 
other treatment modalities. Pharmacologic treatments include oral or topical NSAlDs. 
Injections of steroids and local anesthetics were common in the past because LE was 
originally thought to be an inflammatory process. In recent years, with the recogni- 
tion that LE is a degenerative tendinopathy, other procedures (e.g., tendon fenestra- 
tion, prolotherapy, and PRP) have replaced steroid injections in many practices (431). 
BoNT injections have also been used to treat pain refractory to other treatments. 


BoNTs Approved for Treatment of LE-Related Pain 

LE is not currently an approved indication for any of the FDA-approved BoNT prod- 
ucts. Therefore, the use of BoNTs for the treatment of this indication remains off-label 
therapy. However, while BoNTs are off-label for LE, there is ample evidence from 
Class I clinical trials that BoNT injections are effective for treating LE (371). 
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Level of Evidence 

In a 2011 article, Jabbari and Machado reviewed the evidence for BoNT in the 
treatment of intractable pain conditions, including pain from LE (371). The authors 
reviewed available studies of BoNT for LE-related pain using A AN guidelines for the 
classification of quality of evidence from clinical trials (138). On the basis of current 
evidence, they reported Level A (Established as effective, recommended) evidence for 
the use of BoNT in the treatment of LE. 


Injection Pattern 

BoNT may be injected with or without ultrasound guidance just distal to/near the 
origin of the common extensor tendon on the lateral epicondyle of the humerus. 
Intramuscular injections, greater than 5-cm distal to the tendon origin (i.e., intramus- 
cular injections), were not found to be effective (432). 


Dosage 

There was no information from clinical trials on the dose of either IBTA or RBTB for 
the treatment of LE. 

OBTA 

A single Class I trial reported a dose of 50 units of OBTA injected into the extensor 
carpi radialis brevis near the origin of the common extensor tendons (433, 434). 

ABTA 

Three Class I trials of BoNT injections for LE used ABTA. The reported dose of ABTA 
in all three studies was 60 units (432, 435, 436). 

Dilution 

OBTA 

The typical dilution for OBTA is 100 units in 1 mL of PFNS resulting in a concentra- 
tion of 100 units/mL (10 units/0.1 mL). 

ABTA 

The typical dilution for ABTA is 500 units in 1.5 mL of PFNS resulting in a 
concentration of 333.33 units/mL (33.33 units/0.1 mL). 

Adverse Events 

Weakness in wrist and finger extension is the most commonly reported adverse event 
following injections of BoNT for LE. For a complete list of potential adverse events, 
the full prescribing information and boxed warning provided by the manufacturers of 
each of the commercial BoNT products should be consulted. 
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Other Musculoskeletal Pain Syndromes 

Chronic Low Back Pain 

Low back pain (LBP) is a common complaint or symptom with up to 24% of adults 
reporting at least one episode of LBP per year. Although in most patients LBP is self-lim- 
ited and resolves, in up to 10% of patients low back pain becomes chronic (CLBP) (437). 

ClinicalJF unctional Impact 

Many patients report significant functional limitations with pain that limits work, avo- 
cational interests, family life, and participation in a variety of activities. The cost in 
lost wages and health care expenditures is substantial. A full discussion of the many 
potential causes of CLBP and treatments for CLBP is beyond the scope of this text. 
Physicians have prescribed BoNT injections for CLBP and researchers have investi- 
gated the efficacy of BoNT for reducing pain and improving function in patients with 
CLBP (416, 437-439). 

BoNTs Approved for Treatment of CLBP 

Currently none of the FDA-approved BoNT products are approved for the treatment 
of CLBP. Therefore, the use of BoNTs for the treatment of this indication remains 
off-label therapy. 


Level of Evidence 

The age range of patients, distribution of pain, injection patterns, and doses 
have varied in published clinical studies (437). In their 2011 review, Jabbari and 
Machado reported Level C (Possibly effective, may be considered at the discretion 
of the clinician) evidence for BoNT therapy for CLBP based on a single Class I 
study (371). 


Injection Patterns 

Various injection patterns are described, including a fixed-dose per site paradigm. 
Injection patterns generally follow the distribution of the pain. 


Dosage 

The published dose of BoNT varied with the specific BoNT product used, the number 
and size of muscles involved, and whether the injections were unilateral or bilateral 
(399, 404, 438-440). 

OBTA 

Doses of 200 to 500 units have been reported with multiple injection sites in the 
“paraspinal” muscles, piriformis, and other muscle groups (399, 438-440). 
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ABTA 

A published dose of 100 units of ABTA was reported for LBP related to sacroiliac 
pain (441). 

RBTB 

For piriformis muscle injections, a dose of 5,000 to 12,500 units was reported (404). 
IBTA 

There is no published information on the dose of IBTA for CLBP. 


Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain were the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed warning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 


Thoracic Outlet Syndrome 

TOS is an uncommon, sometimes confounding, group of disorders caused by com- 
pression of various neurovascular structures in the neck/thoracic outlet. This compres- 
sion leads to cervicogenic-brachial pain and/or symptoms in the lower neck and upper 
limb. 

Clinical/F unctional Impact 

Symptoms vary depending on the cause of TOS and the structures that are compressed 
or entrapped. Patients may present with a wide variety of signs and symptoms, includ- 
ing neck pain, shoulder pain, neuropathic pain, vascular symptoms, or combinations 
thereof. The wide range of symptoms and signs in TOS may puzzle clinicians unfamil- 
iar with this condition (390, 442, 443). 

Evaluation 

Because TOS has many causes, there is no “gold standard” for establishing the 
diagnosis. An extensive clinical evaluation and ancillary testing may be required 
to irrefutably establish a diagnosis of TOS. This work up is frequently required to 
avoid misdiagnosis in patients whose symptoms suggest TOS, but arise from another 
cause (444). Testing may include x-rays, MRI, vascular studies, electrodiagnostic 
testing, and others. It is imperative that physicians correctly establish the cause of 
TOS before proceeding to invasive interventions for a presumed diagnosis of TOS, 
including BoNT injections. 
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Treatment of TOS 

The treatment of TOS is partly determined by the cause of the pain. For example, a 
patient with clear compression of the lower trunk of the brachial plexus by a bone cal- 
lus or accessory rib would be unlikely to benefit from BoNT therapy. Treatment for 
TOS includes physical therapy, postural exercises, manipulation, acupuncture (445), 
BoNT injections, and surgical procedures. The reader is referred to several reviews for 
a full discussion of the various proposed treatments for TOS (390, 443, 446). 

BoNTs Approved for the Treatment of TOS 

TOS is not an approved indication for any of the FDA-approved BoNT products. 
Therefore, the use of BoNT injections for the treatment of TOS remains off-label 
therapy. 

Evidence 

BoNT injections for the treatment of TOS are supported only by anecdotal case reports 
or case series. Clinicians must recognize that BoNT has no role in the treatment of 
patients in whom the diagnosis of TOS is not clearly established or where neurovascu- 
lar compression is caused by boney structures, such as an accessory rib or bone callus. 

Dosage 

There is limited information on the use of BoNT injections for the treatment of TOS, 
with only a single randomized controlled trial in the literature (447). A literature search 
revealed no information on the dose of ABTA, IBTA, or RBTB for the treatment of TOS. 
Given the lack of specific information on dose for these products when used to treat 
TOS, a recommendation on dose range cannot be provided. When using these BoNT 
products for treating TOS, clinicians could consider starting with the manufacturers’ 
recommended dose range per muscle approved for the treatment of cervical dystonia. 

OBTA 

A range of 50 to 100 units has been reported for the total dose. The total dose is 
divided among various muscles, depending on the patient’s symptoms and the cause of 
the TOS. The most commonly targeted muscles are the anterior and middle scalenes, 
ipsilateral trapezius, pectoralis minor, and/or subclavius muscles (93, 446-449). For 
detailed information, see the TOS section of Table 18.1. 

Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed warning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 
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Musculoskeletal Pain Associated with Upper Motor Neuron 
Syndromes (UMNS) 

Pain is a commonly reported symptom in patients with UMNS, including stroke and 
cerebral palsy (CP). The role of BoNT for treating muscle hypertonia associated with 
UMNS is covered in detail in Chapter 11 (“Upper Motor Neuron Syndrome” section). 
A number of studies have evaluated the analgesic effects of BoNTs in various UMNS 
for preoperative muscle lengthening and for muscle and joint pain (251, 434, 450-456). 

Preoperative BoNT 

In a randomized controlled trial, Barwood et al. reported reduced length of stay and 
analgesic use in children treated preoperatively with BoNT (OBTA) 5 to 10 days 
before undergoing a muscle lengthening procedure (251 ). 


Poststroke Shoulder Pain 

Several double-blind randomized controlled trials and randomized controlled tri- 
als have been conducted evaluating shoulder pain in adults with poststroke spastic- 
ity (PSS) and have reported conflicting results (434, 454-458). Some studies have 
reported significant improvement in pain and function, whereas others report improve- 
ment in pain, but not in function, and still others report no benefit. 


Level of Evidence 

Several authors have reviewed the clinical trial evidence for BoNT injections for treat- 
ment of PSS and shoulder pain. In a 2012 review, Viana et al. concluded that there 
was conflicting evidence from current trials on PSS-related shoulder pain in adult 
patients (451). In a 2011 Cochrane review of BoNT injections for shoulder pain, 
including PSS, Singh and Fitzgerald concluded that BoNTs were effective in reduc- 
ing shoulder pain in patients with PSS and for OA-related pain (459). Conversely, in 
a systematic review of interventions for PSS shoulder pain, Koog et al. concluded that 
there was insufficient evidence to support the use of BoNT for hemiplegic shoulder 
pain (460). 

Dosage 

In PSS, injections of BoNT are described in the muscles of the shoulder girdle, trape- 
zius, and biceps, as well as into the glenohumeral joint. 

OBTA 

A dose of 100 to 200 units may be divided between shoulder girdle muscles or the 
glenohumeral joint with 100 units being the most commonly reported dose injected 
into the glenohumeral joint (see Table 18.1) (453, 457). 
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ABTA 

Doses of 200 units were injected in various pectoral/shoulder muscles or into the gle- 
nohumeral joint (453). 

IBTA 

A dose of 100 units may be injected into the glenohumeral joint (453). 

RBTB 

There is no published information on the dose of RBTB for the treatment of PSS 
shoulder pain. 

Dosage 

There were no studies evaluating RBTB for use in CP/preoperative indications. 

OBTA 

The total dose used was 8 units/kg, divided between the bilateral adductor muscles 
(251). 

Dilution 

OBTA 

The most commonly reported dilution is either 100 units of OBTA in 1 rnL or 2 mL 
PFNS resulting in a concentration of 100 units/mL (10 units/0.1 mL) or 50 units/mL 
(5 units/0. lmL), respectively. Alternatively, a 200-unit vial is diluted with 2 mL PFNS 
or 4 mL PFNS for a dilution of 100 units/mL or 50 units/mL. 

ABTA 

Dilutions of 500 units in 1 mL (50 units/0.1 mL), 1.5 mL (333 units/mL, 
33.3 units/0. lmL), and 2.5 mL (200 units/mL, 20 units/0. lmL) have been described. 

IBTA 

Dilution of 100 units in 1 mL (10 units/0.1 mL) has been described for glenohumeral 
injections. 

Adverse Events 

Flu-like symptoms, muscle spasm, and injection-site pain are the most commonly 
reported adverse events. For a complete list of potential adverse events, the full pre- 
scribing information and boxed warning provided by the manufacturers of each of the 
commercial BoNT products should be consulted. 



TABLE 18.1 Musculoskeletal/Myofascial Pain Conditions Dosage/Dilution Table 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

U.S. FDA approval 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 

Currently not FDA 
approved 

UK MHRA 

Currently not an 
approved indication 

Currently not an 
approved indication 

Currently not an 
approved indication 

Currently not an 
approved indication 

Published Dosage Range: Adults (>18 Years of Age) 

Myofascial Pain Syndromes 

Myofascial pain 
syndrome/trigger points 

5-10 units/small 
muscle, 10-30 units/ 
medium muscle, 

50 units/large muscle 

40-80 units/trigger 
point, up to 120 units/ 
trigger point reported 
in larger muscles 

No published studies of 
IBTA for MPS a 

250 units/small muscles 
x 1 site, 250-500 units/ 
medium muscle x 1 site, 
500-750 units/trigger 
point in large muscles x 

1-2 sites 

MPS: total dose/ 
treatment session 

100-400 units (dosages 
up to 600 units have 
been reported) (393) 

240-500 units 

No published data on 
dosage 

Mean dose 9,000 
units (393), dosage 
range 2,500-10,000 
units (393); doses of 
22-25,000 units have 
been reported (393, 

380) 

MPS: localization 

Palpation, US 

Palpation, US 

— 

Palpation, US 

Piriformis syndrome 

80-200 units 

150 units (403) 

(reported as "low 
dose") 

No published data on 
dosage 

5,000-12,500 units (404) 


( continued ) 
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TABLE 18.1 Musculoskeletal/Myofascial Pain Conditions Dosage/Dilution Table ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Myofascial Pain Syndromes ( continued ) 

Localization 

EMG, US, fluoroscopy 

EMG 

— 

EMG, US, fluoroscopy 

CLBP 

100-500 units divided, 
40-50 units/site 

100 units, sacroiliac joint 
(441) 

No published data on 
dosage 

See piriformis syndrome 

Osteoarticular Pain Syndromes 

Hip OA 

No published data on 
dosage 

250 units adductor 
longus (421), 150 units 
adductor magnus (421) 

No published data on 
dosage 

No published data on 
dosage 

Knee pain, OA 

25-150 units/joint, 100 
units, most commonly 
reported dose 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 

Knee pain, post-TKA 

100 units 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 

Shoulder pain, OA 
related 

100 units 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 

Shoulder, adhesive 
capsulitis 


200 units (425) 

No published data on 
dosage 

No published data on 
dosage 

Axial skeletal 
joints: sacroiliac, 
sternoclavicular, C2 / 
lumbar facet joints 

25-100 units, divided 
(423) 

No published data on 
dosage 

No published data on 
dosage 

5,000 units, divided 
(423) 


(continued) 
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TABLE 18.1 Musculoskeletal/Myofascial Pain Conditions Dosage/Dilution Table ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Osteoarticular Pain Syndromes ( continued ) 

Temporo-mandibular 

joint 


200 units, divided 

No published data on 
dosage 

No published data on 
dosage 

Lateral epicondylosis, 
"epicondylitis" 

20-40 units 

60 units 

No published data on 
dosage 

No published data on 
dosage 

PFP/knee pain 


300-500 units, divided 
dose, distal 1/3 of VL 
(420) 

No published data on 
dosage 

No published data on 
dosage 


Mean dose: 161 units 
(429), range: 120-210 
units (429) 

Mean dose: 526 units 
(429), range 300-700 
units (429) 

PFP: Number of 
injection sites 

8 

8 

— 

— 

PF 

30-70 units/heel, 1-3 
injection sites 

100-200 units/heel, 1-3 
injection sites 

No published data on 
dosage 

No published data on 
dosage 

Thoracic Outlet Syndrome 

TOS 

50-100 units, divided 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 


( continued ) 


nj 

oo 


CHAPTER 18: BoNT FOR MUSCULOSKELETAL PAIN CONDITIONS 




TABLE 18.1 Musculoskeletal/Myofascial Pain Conditions Dosage/Dilution Table ( continued ) 


BoNT Preparation 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Thoracic Outlet Syndrome ( continued ) 

Scalenes 

12-15 units/muscle, (up 
to 37.5 units/muscle has 
been reported) 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 

Pectoralis minor 

15 units (449) 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 

Subclavius 

12 units (449) 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 

Trapezius 

50-76 units 

No published data on 
dosage 

No published data on 
dosage 

No published data on 
dosage 

Localization MSK Conditions 

Localization 

Palpation, EMG, US, 
fluoroscopy, CT 

Palpation, US, EMG, 
fluoroscopy, CT 

Palpation, US, EMG, 
fluoroscopy, CT 

EMG, palpation 

Dilution 

100 units with 1 mL 

PFNS 

500 units in 1 mL or 2.5 
mL PFNS 

100 units in 1 mL 

Not required, RBTB can 
be diluted with PFNS if 
desired 

Injection interval 

12-16 Weeks 

12-14 Weeks 

12-16 Weeks 

12-14 Weeks 


( continued ) 
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TABLE 18.1 Musculoskeletal/Myofascial Pain Conditions Dosage/Dilution Table ( continued ) 


Injected Muscle or 
Structure 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Pediatric Patients SI 8 Years of Age 

CP: adductor BoNT 
injections prior to 
muscle lengthening 

4 units/kg/leg 
divided into 2 
injection sites, 

2 units/kg/site, 
total dose: 8 
units/kg (251) 

No published data on dosage 

No published 
data on 
dosage 

No published data on dosage 

Poststroke Shoulder Pain, Intra-articular Injection (Adult Patients >18 Years of Age) 

Glenohumeral joint 

100 units (453) 

500 units (453) 

Poststroke Shoulder Pain, 

Muscle injections 

100 units (453) 


Pectoralis major, 
teres major 

100-150 units 
(457), 40-60 units 
(457), dilution: 

100 units in 1 mL 
PFNS 




Subscapularis 

100 units, 2 sites, 
dilution: 100 
units in 1-2 mL 

PFNS (455) 

500 units (456), dilution not 
reported 




(continued) 
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TABLE 18.1 Musculoskeletal/Myofascial Pain Conditions Dosage/Dilution Table ( continued ) 


Injected Muscle or 
Structure 

OBTA (Botox®) 

ABTA (Dysport®) 

IBTA (Xeomin®) 

RBTB (Myobloc®) 

Poststroke Shoulder Pain, Intra-articular Injection (Adult Patients >18 Years of Age) (continued) 

Pectoralis major 


500 units, 4 injection sites, 
dilution not reported (458) 



Pectoralis major 
biceps 


250 units/muscle, 500 units 
total dose, dilution: 500 units 
in 2.5 mL PFNS (454) 



Infraspinatus, 
pectoralis major, 
subscapularis 

100 units, 
divided, dilution: 
100 units in 4 mL 
PFNS (610) 





“Studies using IBTA in adults for cervical dystonia and blepharospasm suggest dose equivalency to OBTA. The use of conversion ratios is not recommended by 
manufacturers (see full prescribing information). 


Abbreviations: ABTA, abobotulinumtoxinA; IBTA, incobotulinumtoxinA; OBTA, onabotulinumtoxinA; RBTB, rimabotulinumtoxinB; PFNS, preservative-free 
normal saline (0.9%). 

Sources: Adapted from Refs. 34, 36, 38, 44, 93, 251, 371, 380, 383-390, 392-396, 398-400, 402-411, 416-423, 425, 429, 432-436, 438-441, 443, 446-450, 453-459, 610-615. 
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Appendices 



A 


Ashworth and Modified Ashworth 
Scale for Grading Muscle 

Hypertonia 


Ashworth Scale for Grading Muscle Hypertonia 

Grade Description 

1 No increase in muscle tone 

2 Slight increase giving a catch when part is moved in flexion or extension 

3 More marked increase in tone but only after part is easily flexed 

4 Considerable increase in tone 

5 Passive movement is difficult and affected part is rigid in flexion or extension 

Modified Ashworth Scale for Grading Muscle Hypertonia 

Grade Description 

0 No increase in muscle tone 

1 Slight increase in muscle tone, manifested by a catch and release or by minimal 
resistance at the end of the range of motion when the affected part(s) is moved in 
flexion or extension 

1+ Slight increase in muscle tone, manifested by a catch, followed by minimal resist- 
ance throughout the remainder (less than half) of the ROM 

2 More marked increase in muscle tone through most of the ROM, but affected 
part(s) easily moved 

3 Considerable increase in muscle tone, passive movement difficult 

4 Affected part(s) rigid in flexion or extension 

Source: Ref. 217. Ansari NN, Naghdi S, Arab TK, Jalaie S. The interrater and intrarater reliability of the Modified 
Ashworth Scale in the assessment of muscle spasticity: limb and muscle group effect. NeuroRehabilitation. 
2008a;23(3):23 1-237. 



Blepharospasm Disability 
Index Scale 


Items 


Reading 

Driving a vehicle 
Watching television 
Shopping 

Doing everyday activities 
Getting about on foot (walking) 

Rating 

0 = No impairment 

1 = Mild impairment 

2 = Moderate impairment 

3 = Severe impairment 

4 = Not possible because of disease 
Not applicable 


Sources: Refs. 620, 62 1 . 





Blepharospasm Disability Scale 


Sunglasses (check one or both if these apply) 

Score (Maximum 2) 

1. Need to wear sunglasses outdoors 

1 

2. Usually need sunglasses indoors 

1 

Driving (check those that apply) 

Score (Maximum 5) 

1. Uncomfortable but no limitation 

1 

2. Cannot drive at night because of blepharospasm 

2 

3. Can drive in daytime, needs to prop eyelids open 

2 

4. Can drive only short distances 

3 

5. Cannot drive at all because of blepharospasm 

4 

6. Usually cannot ride in a car 

5 

Reading (check one if affected) 

Score (Maximum 3) 

1. Uncomfortable but no limitation 

1 

2. Mild to moderate limitation of reading 

2 

3. Marked limitation of reading 

3 

Television (check one if affected) 

Score (Maximum 3) 

1. Uncomfortable but no limitation 

1 

2. Mild to moderate limitation of viewing TV 

2 

3. Marked limitation of viewing TV 

3 

Movies (check one if affected) 

Score (Maximum 3) 

1. Uncomfortable but no limitation 

1 

2. Mild to moderate limitation of watching movies 

2 

3. Marked limitation of watching movies 

3 

Shopping (check one if affected) 

Score (Maximum 3) 

1. Uncomfortable but no limitation 

1 

2. Not able to shop alone 

2 

3. Not able to shop, even when accompanied 

3 
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Walking about (check one if affected) 

Score (Maximum 4) 

1. Uncomfortable but no limitation 

1 

2. Difficulty walking in crowds 

2 

3. Not able to walk alone outside 

3 

4. Not able to walk unassisted indoors 

4 

Housework or outside job (check one if affected) 

Score (Maximum 3) 

1. Uncomfortable but no limitation 

1 

2. Difficulty working because of blepharospasm 

2 

3. Not able to work, housework or outside job, because of 
blepharospasm 

3 


Total Score: (Maximum 26). 

Percentage of Normal Activity = 90% - 90 (score -r maximum possible). 

100% = Unaware of any difficulty. 

95% = Aware of some blepharospasm; some annoyance but no limitations of activities. 

90% = Completely independent; socially affected, but otherwise no limitations of activities because of 
the blepharospasm; if there are any limitations of functional activities, the patient should check the ones 
listed in the table that apply. 

Source: Ref. 622. Fahn S, List T, Moslowitz C, et al. Double-blind controlled study of botulinum toxin for 
blepharospasm. Neurology. 1985;35(suppl 1):27 1—272. 




D 


Burke— Fahn—Marsden Dystonia 

Scale 


Movement scale, scored by clinician. This scale consists of provoking factors (scored 
0-4) and severity factors (scored 0-4). Scores are given a weight of either 0.5 or 1. 
The three are multiplied to give the adjusted score. All scores are summed to give an 
overall score from 0 to 120. 

Provoking Factors 

General 

0 No dystonia at rest or with action 

1 Dystonia on particular action 

2 Dystonia on many actions 

3 Dystonia on action of distant part of body, or intermittently at rest 

4 Dystonia present at rest 

Speech and Swallowing 

0 None 

1 Occasional, either or both 

2 Frequent, either 

3 Frequent one, occasional other 

Severity Factors 
EYES 

0 None 

1 Slight: Occasional blinking 
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2 Mild: Frequent blinking without prolonged spasms of eye closure 

3 Moderate: Prolonged spasms of eyelid closure, but eyes open most of the time 

4 Severe: Prolonged spasms of eyelid closure, with eyes closed at least 30% of 
the time 

MOUTH 

0 No dystonia present 

1 Slight: Occasional grimacing or other mouth movements (e.g., jaw open or 
clenched, tongue movement) 

2 Mild: Movement present less than 50% of the time 

3 Moderate: Dystonic movement or contractions present most of the time 

4 Severe: Dystonic movement or contractions present most of the time 

SPEECH AND SWALLOWING 

0 Normal 

1 Slightly involved; speech easily understood or occasional choking 

2 Some difficulty in understanding speech or frequent choking 

3 Marked difficulty in understanding speech or inability to swallow firm foods 

4 Complete or almost complete anarthria or marked difficulty in swallowing soft 
foods or liquids 

NECK 

0 No dystonia present 

1 Slight: Occasional pulling 

2 Obvious torticollis, but mild 

3 Moderate: Pulling 

4 Extreme: Pulling 

ARM 

0 No dystonia present 

1 Slight: Dystonia; clinically insignificant 

2 Mild: Obvious dystonia but not disabling 

3 Moderate: Able to grasp, with some manual function 

4 Severe: No useful grasp 



292 ■ APPENDIX D 


TRUNK 

0 No dystonia present 

1 Slight: Bending; clinically insignificant 

2 Definite: Bending but not interfering with standing or walking 

3 Moderate: Bending; interfering with standing or walking 

4 Extreme: Bending of trunk preventing standing or walking 

LEG 

0 No dystonia present 

1 Slight: Dystonia but not causing impairment; clinically insignificant 

2 Mild: Dystonia; walks briskly and unaided 

3 Moderate: Dystonia; severely impairs walking or requires assistance 

4 Severe: Unable to stand or walk on involved leg 

Scoring: Movement Scale 


Region 

Provoking 
Factor (PF) 

Severity Factor 
(SF) 

Weight (W) 

Weighted 
Score (PF x 

SF x W) 

Eyes 

0-4 

0-4 

0.5 

0-8 

Mouth 

0-4 

0-4 

0.5 

0-8 

Speech/ 

swallowing 

0-4 

0-4 

1.0 

0-16 

Neck 

0-4 

0-4 

0.5 

0-8 

Right arm 

0-4 

0-4 

1.0 

0-16 

Left arm 

0-4 

0-4 

1.0 

0-16 

Trunk 

0-4 

0-4 

1.0 

0-16 

Right leg 

0-4 

0-4 

1.0 

0-16 

Left leg 

0-4 

0-4 

1.0 

0-16 


Total (sum: maximum 120). 

Source: Ref. 166. Burke RE, Fahn S, Marsden CD, Bressman SB, Moskowitz C, Friedman J. Validity and 
reliability of a rating scale for the primary torsion dystonias. Neurology. 1985;35(l):73-77. 





1 — E — 1 

Dystonia Discomfort Scale 


The Dystonia Discomfort Scale (DDS) is an assessment tool to measure the severity of 
symptomatology in patients with cervical dystonia. 

Patients are asked to rate their symptomatology in multiples of 5% on a scale 
ranging from 0% (no complaints) to 100% (maximum subjective severity of the 
untreated condition). Scores are documented by the patient in a diary on a daily basis. 

The DDS has been shown to be a valid and sensitive tool to monitor cervical dys- 
tonia symptoms over time. Indeed, in a long-term treatment setting, a positive correla- 
tion was shown between DDS scores and scores obtained using the widely accepted 
Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS). Furthermore, the 
DDS can be easily performed by patients on a daily basis, and as such may offer 
advantages over assessments that require attendance at a clinic. 

The DDS patient diary, together with further information for clinicians and 
patients, can be accessed by following the link: www.dds.iabnetz.de/. Please cite this 
link when referring to this tool. 
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Dear Patient, 

Dystonias such as spasmodic torticollis (cervical dystonia, torticollis), blepharospasm, 
graphospasm and so forth are a group of very different and usually chronic 
conditions. Until now their treatment has almost always been frustrating. 

The situation has changed fundamentally with the introduction of botulinum toxin 
therapy. This therapy is now by far the most successful method of treating dystonia. 

In order to achieve optimal treatment results, the botulinum toxin therapy must 
be tailored individually to your specific symptoms. It must also take into account 
changes in your symptoms as your condition progresses. Additional observations 
can also help to facilitate the management of your condition. 

To achieve all of this, your treating physician needs the most accurate overview 
possible of the course of your treatment. For this, he or she is entirely dependent on 
your cooperation. 

This patient diary should help you record your 
observations. 

The patient diary can of course also be used 
to record the course of other treatments. 


For further assistance, contact: 

• Deutsche Dystonie Gesellschaft e.V., 

Rissener Landstr. 85. D-22587 Hamburg, 
info@dystonie.de 

• Bundesverband Torticollis e.V., 

Eckernkamp 39. D-59077 Hamm, bvtorti@ 
aol.com 

Prof. Dr. Dirk Dressier. Professor of Neurology 
Head of the Movement Disorders Section 
Hannover Medical School 
Carl-Neuberg-Str. 1 
D-30625 Hannover 
Germany 

t +49-51 1 -532-31 11/3736 f+49-51 1 -532-81 1 0 dressler.dirk@mh-hannover.de 

© Dressier 1 996, The Institute of Neurology. London WC1 N 3BG. UK. V2.2 Dressier 
2002,Universitat Rostock [University of Rostock], V3.1/ Dressier 2005. Universitat 
Rostock, V4.1 


Instructions for using the patient diary 

1 Please complete the diary every night before going to sleep. 

2 Please circle the percentage that best describes your dystonia symptoms today. 
0% indicates that you do not feel any dystonia symptoms at all, 100% that your 
dystonia is at its most extreme and you are not receiving any treatment. For rat- 
ings between 0% and 100%, circle the percentage that seems appropriate. Use 
examples A and B for guidance. 
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3 You may find it difficult initially to specify your symptoms in intervals of 5%. 
However, these small increments will help you to record precisely slight changes 
in your dystonia symptoms occurring from one day to the next. 

4 Record everything of note which occurs on that day in the “Comments” column. 
Use example C for guidance. 

5 Please bring your diary to each repeat visit. 

6 Your physician can reorder the patient diary. 

Examples: 

A Cervical dystonia has 
been diagnosed but not 
yet treated in one female 
patient. Her dystonia symp- 
toms are at 1 00%. Following 
the start of treatment, her 
dystonia symptoms are 
usually only 20% on most 
days. After about three 
months, the efficacy of the 
treatment slowly declines 
and her dystonia symptoms 
again reach 60%. About 
one week after repeating 
the treatment, her dystonia 
symptoms again decrease 
to 20% on most days. 

B A male patient has dysto- 
nia symptoms of 50% from 
7 a.m. to 3 p.m. By the time 
he goes to bed, symptoms 
increase to 70%. In terms 
of the entire day, this cor- 
responds most closely 
to 60%. 

C A female patient plays 2 hours of tennis twice a week. She records this diligently 
in her patient diary and sees that her dystonia symptoms are twice as severe on 
these days than on other days. She reduces her tennis sessions to 45 minutes, 
and her dystonia symptoms no longer indicate any deterioration. 

Source: Ref. 626. Dressier D, Kupsch A, Paus S, Seitzinger A, Gebhardt B. Sustained efficacy of 
IncobotulinumtoxinA (Xeomin; botulinum neurotoxin type A, free from complexing proteins) in long-term 
treatment of cervical dystonia. Eur J Neurol. 201 l;18(suppl 2):482. 




Reference 

Prospective Phase IV study 

Principal Investigator: Dirk Dressier, Hannover Medical School, Hannover, Germany 
Study funded by Merz Pharmaceuticals GmbH, Frankfurt am Main, Germany 




F 


Modified Tardieu Scale 


Purpose 


Modified Tardieu Scale 


Assessment of Spasticity 
The Tardieu scale assesses 
the response to stretch at 
slow and fast velocities 
The scale was first 
developed by Tardieu 
and has been revised by 
several investigators 


Patient is positioned in sitting to test upper and supine 

to test lower limbs 

Measurements: 

1. Measurements 

• Quality of muscle reaction (scored 0-5) 

• Angle of muscle 

• Angle of muscle reaction 


2. Speed definitions: Original Tardieu 

• VI is slow as possible 

• V2 speed of limb falling under gravity 

• V3 moving as fast as possible 


Speed definitions: Modified Tardieu 

• R1 quick stretch is the catch angle when the muscle 
reacts at quick speed of stretch, equivalent to V3 

• R2 slow stretch is equivalent to passive range of 
motion (PROM) or to VI 

• R1-R2 = dynamic tone component of the muscle. 
Measured in degrees (623) 


Quality of Muscle Reaction 

• 0 = No resistance to PROM 

• 1 = Slight resistance throughout the course of PROM, 
no clear catch at a precise angle 

• 2 = Clear catch at a precise angle, interrupting the 
passive movement, followed by release 

• 3 = Fatigable clonus for <10 seconds when 
maintaining pressure and at a precise angle 

• 4 = Unfatigable clonus for >10 seconds when 
maintaining pressure and at a precise angle 

• 5 = Joint is immobile. (Some versions scored 0-4) 


Sources: Refs. 218, 623, 624. 




G 


Toronto Western Spasmodic 
Torticollis Severity Scale 

I. Torticollis Severity Scale 


A. Maximal Excursion 

1. Rotation (turn: right or left) 

0 = None [0°] 

1 = Slight [<% range, 1°-22°] 

2 = Mild I'A-Vz range, 23°-45°] 

3 = Moderate [Vi -% range, 46°-67°] 

4 = Severe [>% range, 68°-90°] 

2. Laterocollis (tilt: right or left, exclude 
shoulder elevation) 

0 = None [0°] 

1 = Mild [1 °— 1 5°] 

2 = Moderate [16°-35°] 

3 = Severe [>35°] 

3. Anterocollis/Retrocollis (a or b) 

a. Anterocollis 

0 = None 

1 = Mild downward deviation of chin 

2 = Moderate downward deviation 
(approximates 'h possible range) 

3 = Severe (chin approximates chest) 

b. Retrocollis 

0 = None 

1 = Mild backward deviation of vertex 
with upward deviation of chin 

2 = Moderate backward deviation 
(approximates Vi possible range 

3 = Severe (approximates full range) 

4. Lateral shift (right or left) 

0 = Absent 

1 = Present 

5. Sagittal shift (forward or backward) 

0 = Absent 

1 = Present 


B. Duration Factor (Weighted x 2) 

0 = None 

1 = Occasional deviation (<25% of the 
time, most often submaximal) 

2 = Occasional deviation (<25% of the 
time, often maximal) or Intermittent 
deviation (25%-50% of the time, most 
often submaximal) 

3 = Intermittent deviation (25% -50% 
of the time, often maximal) or Frequent 
deviation (50%-75% of the time, most 
often submaximal) 

4 = Frequent deviation (50%-75% of 
the time, often maximal) or Constant 
deviation (>75% of the time, most often 
submaximal) 

5 = Constant deviation (>75% of the time, 
often maximal) 

C. Effect of Sensory Tricks 

0 = Complete relief by one or more tricks 

1 = Partial or only limited relief by tricks 

2 = Little or no benefit from tricks 

D. Shoulder Elevation/Anterior 
Displacement 

0 = Absent 

1 = Mild (<1/3 possible range, intermittent 
or constant) 

2 = Moderate (1/3 - 2/3 possible range 
and constant, > 75% of the time) or Severe 
(> 2/3 possible range and intermittent) 

3 = Severe and constant 
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E. Range of Motion (without aid of 
sensory tricks) 

0 = Able to move to extreme opposite 
position 

1 = Able to move head well past midline 
but not to extreme opposite position 

2 = Able to move head barely past 
midline 

3 = Able to move head toward but not 
past midline 

4 = Barely able to move head beyond 
abnormal posture 


F. Time (up to 60 seconds) for 
which patient is able to maintain head 
within 10 0 of neutral position without 
using sensory tricks (mean of two 
attempts) 

0 = > 60 seconds 

1 = 46-60 seconds 

2 = 31-45 seconds 

3 = 16-30 seconds 

4 = < 1 5 seconds 


II. Disability Scale (Maximum = 20) 


A. Work (occupation or housework/home 
management) 

0 = No difficulty 

1 = Normal work expectations with 
satisfactory performance at usual level 
of occupation but some interference by 
torticollis 

2 = Most activities unlimited, selected 
activities very difficult and hampered 
but still possible with satisfactory 
performance 

3 = Working at lower than usual occupation 
level; most activities hampered, all possible 
but with less than satisfactory performance 
in some activities 

4 = Unable to engage in voluntary 
or gainful employment; still able to 
perform some domestic responsibilities 
satisfactorily 

5 = Marginal or no ability to perform 
domestic responsibilities 

B. Activities of Daily Living (e.g., feeding, 
dressing, or hygiene, including washing, 
shaving, makeup) 

0 = No difficulty with any activity 

1 = Activities unlimited but some 
interference by torticollis 

2 = Most activities unlimited, selected 
activities very difficult and hampered but 
still possible using simple tricks 

3 = Most activities hampered or laborious 
but still possible; may use extreme tricks 


4 = All activities impaired; some 
impossible or require assistance 

5 = Dependent on others in most self-care 
tasks 

C. Driving 

0 = No difficulty (or has never driven a car) 

1 = Unlimited ability to drive but bothered 
by torticollis 

2 = Unlimited ability to drive but requires 
tricks (including touching or holding face, 
holding head against head rest) to control 
torticollis 

3 = Can drive only short distances 

4 = Usually cannot drive because of torticollis 

5 = Unable to drive and cannot ride in 
a car for long stretches as a passenger 
because of torticollis 

D. Reading 

1 = Unlimited ability to read in normal 
seated position but bothered by torticollis 

2 = Unlimited ability to read in normal 
seated position but requires use of tricks 
to control torticollis 

3 = Unlimited ability to read but requires 
extensive measures to control torticollis or 
is able to read only in nonseated position 
(e.g., lying down) 

4 = Limited ability to read because of 
torticollis despite tricks 

5 = Unable to read more than a few 
sentences because of torticollis 
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E. Television 

0 = No difficulty 

1 = Unlimited ability to watch television in 
normal seated position but bothered by 
torticollis 

2 = Unlimited ability to watch television in 
normal seated position but requires use of 
tricks to control torticollis 

3 = Unlimited ability to watch television 
but requires extensive measures to 
control torticollis or is able to view only in 
nonseated position (e.g., lying down) 

4 = Limited ability to watch television 
because of torticollis 

5 = Unable to watch television more than 
a few minutes because of torticollis 


F. Activities Outside the Home (e.g., 
shopping, walking about, movies, dining, 
and other recreational activities) 

0 = No difficulty 

1 = Unlimited activities but bothered by 
torticollis 

2 = Unlimited activities but requires simple 
tricks to accomplish 

3 = Accomplishes activities only when 
accompanied by others because of 
torticollis 

4 = Limited activities outside the home; 
certain activities impossible or given up 
because of torticollis 

5 = Rarely if ever engages in activities 
outside the home 


Sources: Refs. 167, 168. 


III. Pain Scale (Maximum = 20) 


A. Severity of Pain Rate the severity of 
neck pain during the last week on a scale 
of 0-10: 

0 = No pain 

10 = The most excruciating pain 
imaginable 

Score calculated as: (Best + Worst + 

(2 x Usual))/4 

Best 

Worst 

Usual 

Score: 

B. Duration of Pain 

0 = None 

1 = Present <10% of the time 

2 = Present 10%-25% of the time 

3 = Present 26%-50% of the time 

4 = Present 51 %-75% of the time 

5 = Present >76% of the time 


C. Disability Due to Pain 

0 = No limitation or interference from 
pain 

1 = Pain is quite bothersome but not a 
source of disability 

2 = Pain definitely interferes with some 
tasks but is not a major contributor to 
disability 

3 = Pain accounts for some (less than half) 
but not all of disability 

4 = Pain is a major source of difficulty with 
activities; separate from this, head pulling 
is also a source of some (less than half) 
disability 

5 = Pain is the major source of disability; 
without it most impaired activities could 
be performed quite satisfactorily despite 
the head pulling 


Source: Ref. 625. Consky ES, Lang AE. Clinical assessments of patients with cervical dystonia. In: Jankovic J. 
Hallett M, eds. Therapy with Botulinum Toxin. New York, NY: Marcel Dekker, Inc; 1994:21 1-237. 
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abdominal muscles, 208 
abnormal postures, careful inspection of, 32 
abobotulinumtoxinA (ABTA), 60, 88, 91, 93, 
102, 104-105, 125 
approved for treatment, 126 
botulinum neurotoxin (BoNT) approvals, 14 
characteristics of, 12 
clinical trials for, 132 
dosage, neurological disorders, 236 
dystonic tremors, dosage/dilution, 199-201 
dose for hypertonia, 131 
essential tremor, dosage/dilution, 194-207 
headache, toxin dilution, 249 
hyperhidrosis (HH), dosage/dilution, 228 
lateral epicondylitis, 273 
low back pain, 275 

myofascial pain syndrome (MPS), 262 
to onabotulinumtoxinA (OBTA), dose 
conversion ratios, 17 
patellar maltracking, 271 
piriformis syndrome, 264, 265 
plantar fasciitis, 266, 267 
properties of, 12-13, 28 
reconstitution and handling, 23 
shoulder and ankle joints, 269 
sialorrhea, dosage/dilution table for 
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tremor associated with Parkinson disease, 
dosage/dilution, 202-207 
trunk dystonia, 182 
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in the United States, 11 
upper motor neuron syndrome 
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urologic disorders dosage/dilution table, 239 


acetylcholine (Ach), 223 
acquired brain injury 

lower limb muscle hypertonia, 171, 172, 
174, 176 

upper limb muscle hypertonia, 162, 164, 166 
adult patients, sialorrhea, 214 
AFO. See ankle-foot orthosis 
agonist/antagonist muscles, botulinum 

neurotoxins (BoNT) injections in, 191 
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guidelines, 192 
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ankle-foot orthosis (AFO), 40 
ankle plantar flexion hypertonia, 40 
antibody formation, 7 
antigenicity, 7, 15 

ARG/SA/P guidance. See anatomic 

reference guides, surface anatomy, 
and palpation guidance 
arm muscles, 207 
arthritis, 267 
articular pain, 267 
Ashworth scale for grading muscle 
hypertonia, 286 
modified, 286 

axial skeletal joints, botulinum neurotoxins 
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axilla injection grid, hyperhidrosis (HH), 225 
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dosage, 236 
level of evidence, 235 

binding, botulinum neurotoxins (BoNT), 5-6 
bladder filling, 238 
blepharospasm, 50 
adverse events, 53 
botulinum neurotoxins (BoNT) 

reconstitution and dosage table, 54 
clinical effect, 53 
clinical/functional impact, 50 
dilution, 52 
dosage, 52 
evaluation, 51 

FDA-approved botulinum neurotoxins 
(BoNTs) for, 51 
injection patterns, 52, 75 
injection technique, 52-53 
level of evidence, 51 
muscle pattern/involved, 51 
treatment, 51 

Blepharospasm Disability Index (BSDI), 51 
scale, 287 

Blepharospasm Disability scale, 288-289 
blocking, botulinum neurotoxins (BoNT), 5-6 
B-mode ultrasound, 35 
BoNTs. See botulinum neurotoxins 
booster injections, 7 
Botox®, 88, 91, 93, 104, 239 
botulinum neurotoxins (BoNTs), 2, 122, 260 
antigenicity, antibody formation, and 
nonresponsiveness, 7 
binding/blocking, 5-6 
for chronic migraine, 250, 252 
calf/foot intrinsic muscles, 117-120 
central effects of, 8-9 
clinical effects of, 132 
dilution, oromandibular dystonia (OMD), 70 
dosing, 6 

dystonic tremor, dosage/dilution, 199-201 

essential tremor, dosage/dilution, 194-198 

forearm/wrist, 110-111 

for headache conditions, 253, 254, 256, 258 

hyperhidrosis (HH), dosage/dilution, 228 

hip/thigh muscles, 114-116 

intrinsic hand muscles, 112-113 

lateral epicondylitis, 272-278 

low back pain, 274-278 


for myofascial pain syndrome (MPS), 261 
muscle hypertonia, treatment of, 125 
oromandibular dystonia (OMD), 
treatment of, 70 

osteoarticular pain syndromes, 268 
for pain conditions, 241-249 
pediatric upper motor neuron syndrome 
(UMNS), treatment of, 127 
patellofemoral pain (PFP) syndrome/ 

patellar maltracking, treatment of, 271 
pharmacology, clinical implications of, 6-7 
piriformis syndrome, 264 
plantar fasciitis, 266 
potency and dosing, 6 
reconstitution and dosage table, 54 
safety, 8 

shoulder/elbow, 106 
sialorrhea treatment, 212, 216 
spasticity, treatment of, 125 
synthesis and structure, 3-4 
therapy, 97 

thoracic outlet syndrome, 276-278 
treatment of hyperhidrosis (HH), 223 
tremor associated with Parkinson disease, 
dosage/dilution, 202-207 
tremor, United States, 191 
trunk dystonia, treatment of, 180 
upper motor neuron syndrome (UMNS) 
muscle overactivity, treatment of, 126 
for urologic conditions. See neurological 
disorders 

botulinum neurotoxins (BoNTs) injections, 
36-37, 100 

anatomic reference guides, surface 

anatomy, and palpation (ARG/SA/P), 
29-30 

B-mode ultrasound, 35 
cervical dystonia, 86 
combinations of techniques, 36 
dystonia, 180 

electrical stimulation guidance, 33-34 
EMG guidance, 31-33 
interventions, 135 
phenol versus, 39 
technique for intradermal, 226 
botulinum neurotoxins (BoNTs) products 
antigenicity, 15 
approvals, 14-15 
characteristics of, 12 
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dilution and diffusion, 16 
potency and dose, 16 
properties of, 12 
units/dose, converting, 16-18 
botulinum toxin therapy, 294 
BPH. See benign prostatic hyperplasia 
BSDI. See Blepharospasm Disability Index 
Burke -Fahn-Marsden (BFM) dystonia 
scale, 80, 290-292 


calf muscles, 207 
CD. See cervical dystonia 
CDA. See chronic daily headache 
central nervous system (CNS), 121 
cerebral palsy (CP), 122, 123 

lower limb muscle hypertonia, 168, 170, 
171, 172, 174, 176 
muscle hypertonia, 157, 158 
upper limb muscle hypertonia, 160, 162, 
164, 166 

cervical dystonia (CD), 32 

clinical presentation and impact, 79 
dosage, 87, 88, 91, 93 
evaluation, 80 

head tremor associated with, 190 
illustrations for, 94 
level of evidence, 86 

manufacturer-recommended dilutions, 22 
muscle localization, 87 
muscle pattern, 80, 81, 82, 84 
symptoms, monitoring, 293 
treatment, 86 

chemodenervation procedures, 36 
for muscle hypertonia, 39 
Child Neurology Society, 127 
chronic daily headache (CDHA), 244 
chronic migraine, 244 

manufacturer-recommended dilutions 
for, 22 

clinical/functional impact 
headache, 244 
low back pain, 274 

myofascial pain syndromes (MPS), 261 
neurological disorders, 233 
osteoarticular pain syndromes, 267 
piriformis syndrome, 263 
plantar fasciitis, 265 
thoracic outlet syndrome, 275 


Clostridium , 3, 6 
Clostridium botulinum, 2, 16 
CNS. See central nervous system 
complexing proteins (CPs), 4, 15 
computed tomography (CT), 36, 183 
conventional guidance techniques, utility of 
patient factors, 31 
physician factors, 30 
corrugator bilateral injection, 57 
CP. See cerebral palsy 
cystoscopy, 37 

DDS. See Dystonia Discomfort Scale 
detrusor dyssynergia (DD) dosage, 236 
detrusor overactivity (DO), 232 

manufacturer-recommended dilutions, 22 
diagnostic nerve block, 41 
diffusion, 16, 20 
dilution, 16, 20, 21 

lateral epicondylitis, 273 
myofascial pain syndromes (MPS), 263 
osteoarticular pain syndromes, 268 
patellar maltracking, 271 
piriformis syndrome, 265 
plantar fasciitis, 266-267 
RBTB, see rimabotulinumtoxinB 
shoulder and ankle joints, 269 
sialorrhea, 213-214, 216 
upper motor neuron syndrome 
(UMNS), 278 
disability scale, 298-299 
disease-specific rating scales, 51 
distal technique, 42 
DO. See detrusor overactivity 
dosage 

axial skeletal joints, 270 
of botulinum neurotoxins (BoNT) for 
upper motor neuron syndrome 
(UMNS), muscle overactivity, 
128-130 

botulinum neurotoxins (BoNT) 
products, 16 

cervical dystonia, 87, 88, 91, 93 
dystonic tremor, treatment of, 199-201 
essential tremor, treatment of, 194-198 
headache, 248 
HH, see hyperhidrosis 
lateral epicondylitis, 273 
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low back pain, 274-275 
myofascial pain syndromes (MPS), 
262-263 

neurological disorders, 235-236 
osteoarticular pain syndromes, 268 
patellar maltracking, 271 
piriformis syndrome, 264 
plantar fasciitis, 266 
shoulder and ankle joints, 269 
sialorrhea, 213-214, 216, 219 
thoracic outlet syndrome, 276 
tremor, 193 

tremor associated with Parkinson disease, 
202-207 

trunk dystonia, 182, 184 
upper motor neuron syndrome (UMNS), 
277-278 

dose conversion ratios, botulinum 

neurotoxins (BoNT) products, 16-18 
dose per treatment cycle, 134 
drooling, sialorrhea, 210 
dry mouth, 71 
dysphagia, 71 

Dysport®, 88, 91, 93, 104-105, 239 
dystonia, 97, 122, 178 
patterns of, 68 

Dystonia Discomfort Scale (DDS), 80, 
293-295 

dystonic tremor (DT), 189 

botulinum neurotoxins (BoNT), evidence 
for, 192 

dosage/dilution, 199-201 
hand tremor associated with, 190 
treatment of, 191 


ecchymosis, 53, 63 
elbow flexor tone, 40 

electrical nerve stimulation (e-stim), 40, 41 
electrical stimulation (e-stim), 26 
guidance, 33-34 
electromyography (EMG), 26 

guidance for botulinum neurotoxins 
(BoNT) injections, 31-33 
oromandibular dystonia (OMD), 71 
electrophysiologic studies of facial 
nerve, 60 

EMG. See electromyography 
endosome, 5 


essential tremor (ET), 189 

botulinum neurotoxins (BoNT), evidence 
for, 192 

dosage/dilution, 194-207 
hand tremor associated with, 190 
treatment of, 191 
e-stim. See electrical stimulation 
ethyl alcohol, effects of, 191 
evaluation 

headache, 244-245 
lateral epicondylitis, 272 
myofascial pain syndromes (MPS), 261 
neurological disorders, 233 
osteoarticular pain syndromes, 267 
piriformis syndrome, 263 
plantar fasciitis, 265 
thoracic outlet syndrome, 275 
“excessive effects”, 8 

excessive sweating. See hyperhidrosis (HH) 

facial expression, muscles of, 76 
facial muscles, 213 

FDA. See Food and Drug Administration 
FDA-approved botulinum neurotoxins 
(BoNT), 133 
for blepharospasm, 51 
treatment of spasticity, 125 
FDP. See fixed dose protocol 
50-kDa light chain (LC), botulinum 

neurotoxins (BoNT) molecule, 3-5 
finger flexion, 99 
fixed dose protocol (FDP) 
headache, 246, 247 
onabotulinumtoxinA (OBTA), 248 
fluoroscopy, 36 
focal dystonia, 98 
follow the pain protocol (FTPP) 
headache, 247 

OBTA, see onabotulinumtoxinA 
Food and Drug Administration (FDA), 
botulinum neurotoxins (BoNT) 
products, 8, 10 
forearm muscles, 208 
Frey syndrome. See gustatory sweating 
FTPP. See follow the pain protocol 

gait analysis, 180 
geste antagoniste , 79 
gustatory sweating, 222, 224 
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HA. See headache 
hand injection grid, hyperhidrosis 
(HH), 226 
handling 

abobotulinumtoxinA (ABTA), 23 
incobotulinumtoxinA (IBTA), 24 
onabotulinumtoxinA (OBTA), 20-21 
rimabotulinumtoxinB (RBTB), 25 
HAT. See Hypertonia Assessment Tool 
headache (HA). 243 

adverse events/side effects, 249 
botulinum neurotoxins (BoNT) therapy 
for, 245 

chronic daily headache (HA), 244 
clinical effect, 249 
clinical/functional impact, 244 
combined approach, 247 
evaluation, 244-245 
fixed dose protocol, 246, 247 
follow the pain protocol, 247 
injection pattern, 246 
injection technique, 249 
level of evidence, 246 
migraine, 244 
pattern of involvement, 244 
reinjection interval, 249 
tension type headache, 244 
toxin dilution, 248-249 
treatment of, 245-247 
head muscles, 213 
hemifacial spasm (HFS), 59, 76 
adverse events/side effects, 63 
botulinum neurotoxins (BoNTs) approved 
for treatment, 60-61 
clinical effect, 63 
clinical/functional impact, 59-60 
dilution, 62, 64 
dosage, 62, 64 
evaluation, 60 
injection pattern, 61-62 
injection technique, 62-63 
level of evidence, 61 
muscle pattern/involved, 60 
treatment, 60 
treatment goals, 61-63 
HFS. See hemifacial spasm 
hip adductor tone, 40 
100-kDa heavy chain (HC), botulinum 

neurotoxins (BoNT) molecule, 3-5 


hyperhidrosis (HH), 221 

adverse events/side effects, 227 
axillary, 224 

botulinum neurotoxins (BoNTs), treatment 
of, 223 

clinical effect, 227 
clinical/functional impact, 222 
dosage, 224, 228 
evaluation, 222-223 
gustatory sweating, 224 
idiopathic primary hyperhidrosis 
(IPHH), 222 

injection pattern and technique, 225 
palmar, 224 

pattern of involvement, 222 
primary hyperhidrosis (PHH), 221 
secondary hyperhidrosis (SHH), 222 
toxin dilution, 224-225, 228 
treatment of, 223 

United States, approvals outside, 223 
hypertonia, 122 
dosage for, 130-131 
treatment of, 125 

Hypertonia Assessment Tool (HAT), 124 


idiopathic overactive bladder (IOAB), 232 
dosage, 235 
level of evidence, 235 
onabotulinumtoxinA (OBTA) for, 237 
IBTA. See incobotulinumtoxinA 
idiopathic primary focal limb dystonia 
(IPFLD), 97, 98 

abobotulinumtoxinA (ABTA), 102, 
104-105 

adverse events/side effects, 105 
botulinum neurotoxins (BoNT) 
injections, 100 
clinical effect, 105 
clinical/functional impact, 98 
evaluation, 99 
general principles, 104-105 
incobotulinumtoxinA (IBTA), 102, 105 
injection pattern and technique, 101 
involuntary movements and postures, 98 
involvement pattern, 98-99 
level of evidence, 100-101 
lower limb, 99 

onabotulinumtoxinA (OBTA), 102, 104 
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idiopathic primary focal limb dystonia 
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oral medications, 100 
regulatory approval status for, 100 
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rimabotulinumtoxinB (RBTB), 102, 105 
toxin dilution, 102 
treatment, 100 
upper limb, 99 

idiopathic primary hyperhidrosis (IPHH), 

221, 222 

incobotulinumtoxinA (IBTA), 51, 60, 70, 88, 
91, 93, 102, 105, 125 

botulinum neurotoxins (BoNT) approvals, 
14-15 

characteristics of, 12 
clinical trials for, dose, 132 
dosage, neurological disorders, 236 
dystonic tremor, dosage/dilution, 199-201 
essential tremor, dosage/dilution, 194-198 
headache, toxin dilution, 249 
hyperhidrosis (HH), dosage/dilution, 228 
to onabotulinumtoxinA (OBTA), dose 
conversion ratios, 17 
piriformis syndrome, 264 
properties of, 13, 28 
reconstitution and handling, 24 
sialorrhea, dosage/dilution table for 
adults/children, 216, 219 
toxin dilution, 183 

tremor associated with Parkinson disease, 
dosage/dilution, 202-207 
trunk dystonia, 182 

trunk muscle dystonia in adults, dosage 
and dilution, 184 
in the United States, 1 1 
upper motor neuron syndrome 
(UMNS), 278 

urologic disorders dosage/dilution 
table, 239 
injection 

dosing, technique and, 40-41 
sites, 54 
supplies, 25-26 
injection patterns, 52 
for blepharospasm, 75 
headache, 246 
lateral epicondylitis, 273 
low back pain, 274 


neurological disorders, 237 
tremor, 193 

injection technique, 52-53 
headache, 249 
neurological disorders, 238 
oromandibular dystonia (OMD), 71 
sialorrhea, 214 

intradermal botulinum neurotoxin injections, 
technique for, 75 
involuntary eye closure, 50 
IOAB. See idiopathic overactive bladder 
IPFLD. See idiopathic primary focal limb 
dystonia 

IPF1H. See idiopathic primary 
hyperhidrosis 

Jankovic Rating Scale, 51 
jaw-opening dystonia, 70 

knee joint injections, 268 

lateral epicondylitis (LE), 272-273 
lateral pterygoid muscles, oromandibular 
dystonia, 77 
LBP. See low back pain 
LE. See lateral epicondylitis 
leg muscles, toxin dosage in, 129 
level of evidence, 126, 127 
hyperhidrosis (HH), 224 
lateral epicondylitis, 273 
low back pain, 274 

myofascial pain syndromes (MPS), 262 
osteoarticular pain syndromes, 268 
patellar maltracking, 271 
piriformis syndrome, 264 
plantar fasciitis, 266 
trunk dystonia, 181 
upper motor neuron syndrome 
(UMNS), 277 
lidocaine, 20 

LLS. See lower limb spasticity 
low back pain (LBP), 274 
lower limb, 207 

lower limb idiopathic primary focal limb 
dystonia (IPFLD), 99 
lower limb spasticity (LLS), 123 
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manufacturer-recommended dilutions 
abobotulinumtoxinA (ABTA), 23 
incobotulinumtoxinA (IBTA), 25 
onabotulinumtoxinA (OBTA), 22 
medial pterygoid muscles, oromandibular 
dystonia, 77 

MHA. See migraine HA 
microvascular decompression, 60 
migraine, 244 

injection patterns, illustration for, 259 
treatment of, 245 
migraine HA (MHA), 244 
Minor’s iodine starch test (MIST), 223 
mobility impairments in patients, 233 
Modified Tardieu Scale, 124 
mouse units (MU), 6 
movement scale, scoring, 290, 292 
MPS. See myofascial pain syndromes 
MU. See mouse units 
muscle biopsy, 180 
muscle fascicles, 35 

muscle hypertonia, 39-40. See also muscle 
overactivity 

Ashworth scale for grading, 286 
chemodenervation procedures for, 39 
muscle overactivity 

adverse events/side effects, 133 
clinical/functional impact, 122-123 
clinical pearl, 122 
evaluation of, 123-124 
pattern of involvement, 123 
pediatric upper motor neuron syndrome 
(UMNS), treatment of, 127 
treatment of, 125, 130 
warning and compromised patients, 133 
muscles 

of facial expression, hemifacial spasm, 76 
pattern/involved, 60 
musculocutaneous nerve. 40, 41 
musculoskeletal/myofascial pain conditions, 
dosage/dilution table, 279 
musculoskeletal pain syndromes 
lateral epicondylitis, 272-273 
low back pain, 274 
myofascial pain syndromes (MPS), 
261-267 

osteoarticular pain syndromes, 267-269 
piriformis syndrome, 263 
plantar fasciitis, 265 


shoulder and ankle joints, 269-270 
thoracic outlet syndrome, 275-276 
upper motor neuron syndrome (UMNS), 
277-278 

Myobloc®, 88, 91, 93, 105, 239 
myofascial pain syndromes (MPS), 
261-267 

NDO. See neurogenic detrusor overactivity 
neck muscles, 213 

needle electromyography (EMG), 180, 

181, 183 

needle selection, 26 
nerve stimulation, 42 
nerve terminals (NTs), 2, 5, 6 
NeuroBloc®, 105 

neurogenic detrusor overactivity 
(NDO), 233 
dosage, 235 
level of evidence, 235 
onabotulinumtoxinA (OBTA) for, 237 
neuroimaging, 60 
neurological disorders 

adverse events/side effects, 238 
benign prostatic hyperplasia (BPH), 233 
clinical effect, 238 
clinical/functional impact, 233 
detrusor overactivity, 232 
dosage, 235-236, 239 
duration of effect, 235 
evaluation, 233 
idiopathic overactive bladder 
(IOAB), 232 
injection pattern, 237 
injection technique, 238 
level of evidence, 235 
neurogenic detrusor overactivity 
(NDO), 233 

pattern of involvement, 233 
toxin dilution, 236-237 
treatment, 234 

neurolytic effects of phenol, 39 
neuromuscular junctions (NMJs), 6 
neurotransmitters (NrTrs), 2, 6 
neutralizing antibodies (NA), 15 
NMJs. See neuromuscular junctions 
nonpharmacologic treatment options, 125 
child neurology society, 127 
injection pattern, 127 
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nonpharmacologic treatment options (cont.) 
muscle hypertonia, treatment of, 125 
number of injection sites, 128 
pediatric, treatment of, 127 
of United States, 126 
upper motor neuron syndrome 

(UMNS) muscle overactivity, 
treatment of, 126 
NrTrs. See neurotransmitters 


obliquus capitis inferioris (OCI), 80 
OBTA. See onabotulinumtoxinA 
obturator nerve, 42 

phenol neurolysis of, 40 
OCI. See obliquus capitis inferioris 
OMD. See oromandibular dystonia 
onabotulinumtoxinA (OBTA), 7, 20, 51, 60, 
70, 88, 91, 93, 102, 104, 125, 248 
abobotulinumtoxinA (ABTA) to, dose 
conversion ratios, 17 
botulinum neurotoxins (BoNT) 
approvals, 14 
characteristics of, 12 
clinical trials for, 132 
dosage for hypertonia, 130-131 
dosage, neurological disorders, 236 
dystonic tremor, dosage/dilution, 
199-201 

essential tremor, dosage/dilution, 194-198 
headache, toxin dilution, 248 
hyperhidrosis (HH), dosage/dilution, 228 
incobotulinumtoxinA (IBTA) to, dose 
conversion ratios, 17 
lateral epicondylitis, 273 
low back pain, 274 
mouse units (MU) of, 6 
myofascial pain syndromes (MPS), 262 
osteoarticular pain syndromes, 268 
patellar maltracking, 271 
piriformis syndrome, 264, 265 
plantar fasciitis, 266 
properties of, 12, 28 
reconstitution and handling, 20-23 
shoulder and ankle joints, 269 
sialorrhea, dosage/dilution table for 
adults/children, 216, 219 
thoracic outlet syndrome, 276 
toxin dilution, 182 


tremor associated with Parkinson disease, 
dosage/dilution, 202-207 
trunk dystonia, 182 

trunk muscle dystonia in adults, dosage 
and dilution, 184 
in the United States, 11 
upper motor neuron syndrome (UMNS), 
277, 278 

urologic disorders dosage/dilution 
table, 239 

ophthalmologic indications, manufacturer- 
recommended dilutions, 23 
oral anticholinergic agents, 211 
oral medications 

idiopathic primary focal limb dystonia 
(IPFLD), 100 

oromandibular dystonia (OMD), 69 
orbicularis oculi, 52-54, 57 
oromandibular dystonia (OMD), 68 
adverse events, 71 
botulinum neurotoxins (BoNT) 
dilution, 70 
clinical effect, 71 
clinical/functional impact, 68-69 
dosage, 71 

dosage/dilution table, 72 
evaluation, 69 
injection pattern, 70 
injection technique, 71 
level of evidence, 70 
pattern of involvement, 69 
treatment, 69-70 

osteoarticular pain syndromes, 267-269 
overactive bladder, manufacturer- 
recommended dilutions, 22 


pain conditions, botulinum neurotoxins 
for, 241-249 
pain protocol, 247 
pain scale, 299 
palmar hyperhidrosis, 224 
dosage, 224 

Parkinson disease (PD), 190 

botulinum neurotoxins (BoNT), evidence 
for, 192 

dosage/dilution, 202-207 
treatment of, 191 
parotid salivary gland, 213 
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patellar maltracking, 270 
patellofemoral pain (PFP) syndrome, 270 
patient diary, instructions for using, 
294-295 

pediatric dose, calculation, 134 
pediatric patients, 133 
risks in, 135 
sialorrhea, 214 
PF. See plantar fasciitis 
PFNS. See preservative-free normal saline 
PFP syndrome. See patellofemoral pain 
syndrome 

phenol nerve blocks 

injection technique and dosing, 40-41 
mechanism of action, 39 
muscle hypertonia, 39-40 
musculocutaneous nerve, 41 
obturator nerve, 42 
pattern of involvement, 40 
tibial motor nerves, 42-43 
phenol neurolysis, 38, 40 
of obturator nerve, 40 
phenol versus botulinum neurotoxins 
(BoNT) injections, 39 
PFIF1. See primary hyperhidrosis 
piriformis syndrome, 263 
plantar fasciitis (PF), 265 
pore theory, 5 

posterior branch of obturator nerve, 42 
poststroke shoulder pain, 277 
potency, botulinum neurotoxins (BoNT), 6 
products, 16 

preservative-free normal saline (PFNS), 20, 
23, 52, 62, 70 

primary hyperhidrosis (PHF1), 221 
primary nonresponse, 7 
prostatic hyperplasia, 233 
protein target, soluble IV-ethylmaleimide- 
sensitive receptor (SNARE), 5 

quadriplegia, 123 

RBTB. See rimabotulinumtoxinB 
reconstitution 

abobotulinumtoxinA (ABTA), 23 
incobotulinumtoxinA (IBTA), 24 
onabotulinumtoxinA (OBTA), 20-21 
rimabotulinumtoxinB (RBTB), 25 


retreatment interval, idiopathic primary 
focal limb dystonia (IPFLD), 101 
rimabotulinumtoxinB (RBTB), 19, 20, 27, 

60, 70, 88, 91, 93, 102, 105, 125, 126 
botulinum neurotoxins (BoNT) 
approvals, 15 
characteristics of, 12 
clinical trials for, 132 
dosage, neurological disorders, 236 
dose for hypertonia, 131-132 
dystonic tremor, dosage/dilution, 199-201 
essential tremor, dosage/dilution, 194-198 
headache, toxin dilution, 249 
hyperhidrosis (HH ), dosage/dilution, 228 
myofascial pain syndromes (MPS), 262-263 
piriformis syndrome, 264, 265 
properties of, 13, 28 
reconstitution and handling, 25 
to serotype A botulinum neurotoxins 

(BoNTs), dose conversion ratios, 17-18 
sialorrhea, dosage/dilution table for adults/ 
children, 216, 219 
toxin dilution, 183 

tremor associated with Parkinson disease, 
dosage/dilution, 202-207 
trunk dystonia, 182 

trunk muscle dystonia in adults, dosage 
and dilution, 184 
in the United States, 11 
upper motor neuron syndrome 
(UMNS), 278 

urologic disorders dosage/dilution 
table, 239 

runner’s dystonia, 98 

safety, botulinum neurotoxins (BoNTs), 8 

saliva, secretion of, 211 

secondary hyperhidrosis (SHH), 222 

secondary nonresponse, 7 

secretion of saliva, 211 

sensory trick, 79 

serotype A botulinum neurotoxins (BoNTs), 
dose conversion ratios for converting 
rimabotulinumtoxinB (RBTB) to, 
17-18 

serotype B botulinum neurotoxins (BoNTs), 19 
serotype, botulinum neurotoxin (BoNT), 5 
SHH. See secondary hyperhidrosis 
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shoulder and ankle joints, 269-270 
sialorrhea, 210 
adult patients, 214 
adverse events/side effects, 215 
botulinum neurotoxins (BoNTs), 
treatment of, 212 
clinical effect, 215 
clinical/functional impact, 211 
dosage and dilution, 213-214, 216 
evaluation, 211 
injection pattern, 212-215 
injection technique, 214 
level of evidence, 212 
pattern of involvement, 211 
pediatric patients, 214 
toxin dilution, 212 
treatment, 211-212 
United States, approvals outside, 212 
soluble (V-ethylmaleimide-sensitive receptor 
(SNARE) proteins, 2, 5 
spasmodic torticollis. See cervical 
dystonia (CD) 
spasms, 60 
spastic diplegia, 123 
spasticity, 122 
clinical pearl, 122 

manufacturer-recommended dilutions, 23 
treatment of, 125 

spine magnetic resonance imaging 
(MRI), 180 

sublingual salivary gland, 213 
submandibular salivary gland, 213 
sweating, 221 
synaptic vesicles (SVs), 2 

Tardieu scale, 296 

targeting techniques, trunk dystonia, 183 
temporalis muscle, oromandibular 
dystonia, 76 

tennis elbow. See lateral epicondylitis (LE) 
tension type headache (TTH), 244 
treatment of, 245 
“test run” of phenol, 41 
thigh muscles, 207 

thoracic outlet syndrome (TOS), 275-276 
tibial motor nerves, 42-43 
Toronto Western Spasmodic Torticollis 
Rating Scale (TWSTRS), 80, 293, 
297-299 


Torticollis Severity Scale, 297-298 
TOS. See thoracic outlet syndrome 
toxin dilution, 102, 193 

dystonic tremor, botulinum neurotoxins 
(BoNT) for treatment of, 199-201 
essential tremor, botulinum neurotoxins 
(BoNT) for treatment of, 194-198 
headache, 248-249 
hyperhidrosis (HH), 224-225, 228 
neurological disorders, 236-237 
sialorrhea, 212 

tremor associated with Parkinson disease, 
202-207 

trunk dystonia, 182-183 
toxin dosage in leg muscles, 129 
transcranial magnetic stimulation, 100 
transdermal anticholinergic agents, 211 
translocation domain of heavy 
chain (HC), 5 
treatment 

cervical dystonia, 86 
headache, 245-247 
lateral epicondylitis, 272 
myofascial pain syndromes (MPS), 261 
neurological disorders, 234 
osteoarticular pain syndromes, 267-268 
patellar maltracking, 270 
plantar fasciitis, 265-266 
thoracic outlet syndrome, 276 
tremor, 189 

adverse events/side effects, 193 
botulinum neurotoxins (BoNTs), 
treatment of, 191 
clinical effect, 193 
dosage, 193 
dystonic, 189 
essential, 189 
evaluation, 190 

injection pattern/technique, 193 
level of evidence, 192 
with Parkinson disease, 190 
pattern of involvement, 190 
toxin dilution, 193 
trigger points, 261-267 
trunk dystonias, 178, 179, 207 

abobotulinumtoxinA (ABTA), 182 
adverse events/side effects, 183 
botulinum neurotoxins (BoNTs), 
treatment of, 180 
clinical effect, 183 
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clinical/functional impact, 179 
dosage, 182 
evaluation, 180 

incobotulinumtoxinA (IBTA), 182 
injection pattern/technique, 181 
level of evidence, 181 
onabotulinumtoxinA (OBTA), 182 
pattern of involvement, 179 
limabotulinumtoxinB (RBTB), 182 
targeting techniques, 183 
toxin dilution, 182-183 
treatment, 180 

United States, approvals outside, 181 
trunk flexion, nondystonic causes of, 179 
Tsui Scale, 80 

TTH. See tension type headache 
TWSTRS. See Toronto Western Spasmodic 
Torticollis Rating Scale 

UDRS. See Unified Dystonia Rating Scale 
ULS. See upper limb spasticity 
ultrasound, 42 
B-mode, 35 

UMNS. See upper motor neuron syndrome 
Unified Dystonia Rating Scale (UDRS), 80 


unilateral injections of orbicularis oculi, 61 
upper limb, 207 

upper limb idiopathic primary focal limb 
dystonia (IPFLD), 99 
upper limb spasticity (ULS), 123 
upper motor neuron syndrome (UMNS), 
121-123, 277-278 
evaluation of patient with, 123-124 
lower limb muscle hypertonia, 148-156 
signs and symptoms of, 122 
upper limb muscle hypertonia, 136, 
141-147 

upper motor neuron syndrome (UMNS) 
muscle overactivity 

dosage of botulinum neurotoxins (BoNT) 
for, 128-130 
treatment of, 126 
treatment of pediatric, 127 
upper motor neuron syndrome (UMNS)- 
related pain conditions, 283-284 

Visual Analog Scale, 211 

Xeomin®, 88, 91, 93, 105, 239 



